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Navsari Chambers, 
Ilornbt/ Road Fori, 
Bombay, G(h March lOi-i 

Ills Highness I\lAnABANA Shri, 

Sir Ghanshyamsinhji Ajitsiniiji, G C I E , K C S I , 
JIauarata Kaj Saurb oi Dhr.vngadhra, 

miRANGADllRA 

Your Highness, 

I have the honour to submit lierevith, tlirough Dewaii Sahcb 
i^Iiinsnihji Jhala, my Report upon Salt Manufacture mIucIiI have 
prepared at Your HigJincss’ desire 

This report deals with the Technology of Salt Sfanufactuie 
and the recoveiy of several by-products with particular reference 
to the rich and almost inexhaustible brine found in Your Highness’ 
State 

From this rcpoit it will be realised that a complete recoveiy 
of the valuable by-products would not only add to the prosperity 
of the State iiy the establishment of an important uidustry, but 
w ould also help considerably the great textile industry at Ahme- 
dabad and Bombay on which the prosperity of this Prcsidenc}' 
is based 

\our Highness will realise from this report that considerable 
w ork has been done during the last three years since I fir‘'t visited 
Kuda to arrive at definite conclusions regarding these by-products, 
and it IS w ith a view to comlpete our records that I have emboebed 
in the report the results of iny observations at greater length than 
I oiiginolly intended I am sure tins report will help those 
engaged in this industry, and particularly the Officers who will be 
called upon to undertake a new* administrative dcjiartnient of the 
State Confident ui the hope of receiving }our full appreciation, 

I beg to remaui, 

Your Higlincss, 

Youi most obedient Ser\ ant, 
KAPILIHYM U VAIOL, 

CoasuVnig Chcaml 




PREFACE 

Tins rcpoit was picparcd at the request of Ilib lliglino&s the 
Maharaja Raj Sahcb of Dlirangadhra and is the result of several 
yeais’ stud}' of salt manufacture in India During my 
investigations I found considerable difficulties in gathering the 
information necessary for this report Some ciiiious and -in 
many cases veiy strange, ideas pre\ ailed on the subject of 
salt manufacture E\en the most cvperienccd 8alt Officers 
of tlie Government had very limited knoA\ ledge on the 
subject M hat mfoimation I was able to gather, was tainted with 
superstition and prejudices showing a complete ignorance of the 
true nature of chemical processes I have, therefore, been obliged 
to treat at length the Chapters on the Technology of Salt The 
W'ork howe\ er, docs not claim to be a treatise on the subject, but 
it gi\es in general outlines the process and the nature of the mate- 
rials m sufficient details tn give tlie reader a general idea of 
the industry, with particular leference to the prospects of the 
industry m the Dlirangadlira State The experimental work 
and the series of obsenmtions recorded in this report were carried 
out systematically during the last six years 




ACKNOWLEDOMENT 


Before submitting this leport to tlie Stnte, I liave to ackiio^i - 
ledge tlie opportunities and help given to me by mv various 
friends, and by Messrs Tata Sons, Limited , The Tata Engineering 
Company, Limited, and Messrs Tata, Limited (London) During 
my connections mth them as tlieir Consulting Chemist,, ai d vhile 
studying foi them the Salt Indiistiy of Bengal, I had occasions to 
visit almost all the important salt works m India and in England 
I have also to acknowledge the assistance i endered to me by the 
Gaekwar Oil and Chemical Company, Limited, m connection vnth 
vliose pro 3 ect 8 I visited the French, German and American 
works Every important plant in these countries was personallv 
visited bymebctwecii 1918 and 1922 I am also obliged to Messrs 
Penn and Marshall of Non York for an extensive programme of 
visits to the American works, and Messrs Robert AYoncldiaus & Co , 
of Hamburg, for my \nsits to Gorman works I am also indebted 

to Dr F W Atackforhis very valuable suggestions regarding the 
Msitsto the Continental and American vorks Besides this I 
have to acknowledge the generous help rendered to me by Mr 
De Souza, Commissionci of Salt, Dhrangadhra Stnte, and Sir R 
D Bell ICS, Director of Industries, Bombay. I have also to 
acknowledge the wnllmg and able help rendered to me in the 
execution of the experimental work and in the preparation of 
this rcporl bv my aisistants, particnlaily the folloiving — 

Jlr N B Bliagvni, M A 
1 , A’’ G Sathayc, M A, 

,, K AI Sheth, AI Sc. 



CONTENTS 


Pagi:. 


Preface 

AOK^’OWLEDG^IE^ T 

I Introductiox ] 

TI Geology OF IvuDA Brim. Deposits 1 

,, ,, PAYNorCtncii J 

Jll Composition OF Sea AVater U 

IV Recovery OF Dissol\e.u Substance'' — 11 

Evaporation 1 6 

Solar Evaporation 19 

Enaporation on open surfaces in India 22 

Crystallisation of Salt 28 

Common salt crystals 30 

V Technology of Salt .13 

Vf Constituent^ of '.ea water and brim — oj 

Properties and Uses 55 

Yil Brine Salt Works — Indlv — 63 

Kharaouoda 63 

Kud \ 1 10 

Nimak.nagau 113 

Sambhar 125 

Pacubadra and Didwana 128 

YlII Other Salt Works IN India — 129 

Rock Salt — Punjab 129 

Sf V Sai t — 2Iadras and Bombay 1 .31 

Aden 14]^ 

IN Eoreign Salt WoPKs — 111 

French Ij.j 

Stvssffrt 1j5 

English 136 

Vmf.rican 1(j1 



X 


CONTENTS 


Page 


X Appendix- 

Extraction OF Potash and other consti- 


tuents from Bitterns 

171 

XI Tables — 


1 

Conversion tables 

200 

2 

Thermometer readings 

201 

i 

Hydrometric tables 

203 

4 

Conversion of maunds into tons 

205 

j 

Specific gravity of solutions of salt 

206 

6 

Boiling points of solutions of salt 

206 

7 

Solubility of Sodium Chloride 

207 

H 

I OLUMFS OF SALT SOLUTIONS 

207 

' 1 

S< LJPILITY OF CaLCI™ CaRBONATE 

208 

10 

, ,, Sulphate 

208 

1 i 

, Magnesium ,, 

209 

IJ 

Potassium Chloride 

210 

1 . 

, , „ Sulphate 

211 

1 1 

Sodium ,, 

212 

13 

,, Calcium Chlortoe 

213 

io 

„ Magnesium „ 

214 

i* 

Potassium Bromide 

215 

IS 

Magnesium , 

216 

1‘1 

YaPOI R PRFSSIRF OF MATER 

217 

4 1 

satltiated salt 



‘■01 UTIvNs 

218 

1 MPOKI' U> < 

HFMK XL'S IN India 

218 

Fv of 

•PH.N'TIL I At I ^ FROM NiMAKNAGAR 

222 

C'URUF NTMARKII (RUFsot SaLT IN BeNGAL 

223 

Total 'salt (. 

> MFD IN India 

223 

Salt Prodli. 

noN IN Bo'ipw Presidency 

224 

orld’s Prodictio.n of Salt 

224 

Rfffrences 


225 

Index 


227 



SALT 


I. 

KTEODUCTIOX 

India’s place among the Salt-producmg countries of the 
World — Indja occupies the fourth position among the 
great salt producing countries of the world, though the 
Indian use of salt is hunted to domestic and agiicultural 
requirements, it produces a verv large quantity from various 
sources Li the United States of America, m the United 
Kin gdom and in Germany over fifty pei cent of the 

salt produced is used in Chemical industries In 1920 the 
orld’s salt production was 18,000,000 tons, of uhich the Umted 
States of America produced 33 per cent , Germany 15, 
England 12 o, India 9 5, France C 5, and the rest of the countries 
-4 5 per cent This industry m India even in spite of a limited 
use for salt, is of considerable importance Salt for domestic, 
agricultural and mdustrial use is obtained from a number of sources 
It IS found in abundance as rock salt at the Salt Range in the 
Ptmjab, as natural brine m the Sambhai Lake and in the Rann of 
Cutch, at Elharaghoda and at Kuda in the Dhrangadhra State 
It is also recovered from sea water in the Bombay and the Madras 
Presidencies Besides the salt produced from these sources India 
supplements its requirements by importing a considerable large 
quantity from foreign countries, prmcipally from England, Spam, 
the Red Sea and Aden, 

1 
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Salt manufacture in Dhrangadhra State — 'The manufacture- 
of salt in tlus state at Ktida is of very ancient date When the 
Jhala Chieftains retired to Halved, they set up their salt works 
at Euda, and these were guaranteed to the Halvad Jhala chiefs by 
the Emperor Aurangzefa m the 27th year of his reign (A D 1669-70;- 
These rights were mamtamed unimpaired durmg the last two 
hundred and fifty years, and throughout the many changes m the 
forms of Government In 1807 these rights were recogmsed among 
others by the British In 1858 the Proclamation of Queen Victona 
also recognised the right of the State to manufacture salt at Kuda- 
Kuda even then specialized m the production of Yadagra salt (Ba- 
ragara) which was considered to be the best of its land The 
crystals of Vadagrasalt are described m the which 

says that the salt resembles pieces of sugar and is exported to Malwa 
and elsewhere In 1874 the Government of Bombay imtiated certain, 
measures to prevent the smugghng of salt manufactured m the 
Indian States The sole object of the Government at that tune 
was the safeguarding of the revenue and^not to put any restnctions 
m the manufacture of fine gramed salt In 1880 the Government 
restncted the production of salt m the Dhrangadhra State to 90,000- 
maunds per year In 1883 the production of Yadagra salt was 
restncted to 40,000 maimds annually, and m 1900 the manufacture 
of Yadagra salt was altogether prohibited by the Bntish. 
Government In compensation of this restnction the State was 
given Es 7,000 per annum In 1915 the State approached the 
Government requesting a revision of the Treaty of 1900 with a 
view to encourage the manufacture of Magnesium Chlonde and 
other by-products from the State salt works After considerable 
delay the Go\eniment of India restored to the State its nght of 
manufacturmg both Yadagra and Ghasia salt On 30th October 
1923 the Governor of Bombay — Sir George Lloyd — formally 
re-opened the Kuda salt works 

YTiile the Government was considering the revision of the 
Treaty, I was asked by the State m 1920 to submit a report on the 
possrbihties of manufacturmg vanous by-products from the mothei; 
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liquor remammg after the recovery of salt from the brine at Kuda 
While enquinng into the economical uses of the various products 
and the possibihties of 'recovenng them, I encountered considerable 
difficulties in getting together the information that was necessary 
for the purposes of the report, as much cunous mformation was 
supplied to me, and as there were no records of observations neces. 
sary for the preparation of a comprehensive scheme, the progress 
of the report was slow, and much time was taken up in prehmmary 
mvestigations and enquiries For over two years the State had to 
give up all its mvestigations till the Government gave a defimte 
reply. 
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GEOLOGY OF THE KUDA BRINE DEPOSITS 

Rann of Cutch — On examining the brmes of Kuda and 
Kharaghoda wells it was found that they resembled very 
nearly m their general composition to concentrated sea watei 
There is no material difference m the nature of the dissolved 
salts This close resemblance is another proof of the geological 
formation of the Rann of Cutch on the banks of which both 
the salt works are located Before proceedmg with the 
discussion of the technology of salt manufacture and the prospects 
of recovenng the by-products from the brme, it would be necessary 
to determine that the bnne m the Rann has ongmated from the 
concentration of the sea water m the lower strata of the Rann 

To the north of the Dhrangadhra State there is a very large 
track of open, barren, sandy, hfeless waste, known as the Rann of 
Cutch It is 80 miles from east to west and 10 to 40 miles from 
north to south, and covers an area of 2,000 square miles, of which 
1,200 square rmles are within the boundary of the Dhrangadhra 
State The httle Rann meets the sea at Hansthal creek and stretches 
north-east to about forty miles — a creek vary mg from 6 to 30 miles m 
breadth It stretches east and west , a white three-cornered sea 
bed, about 40 imles east to the Great Kharaghoda salt works and 
about 30 miles north to the Chorad Island and Adesar m Cutch 
The level of the Rann at Hansthal creek is 6 781 — 2 76 feet above 
the mean sea level, and at about 30 miles east, opposite the Kuda 
salt works, the level is 6 781 feet m the middle of the Rann, or two 
feet, nme inches lower than the mouth of the Hansthal creek It 
will thus be seen that at the creek there is a bar over two feet 
above the mean level of the Rann, and that the Rann forms a sort of 
a depression m which dunng the monsoon the detntus discharged 
by the rivers on the banks of the Rann accumulate and flood the 
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giiK of tlie Rarvn The Rami is completely flooded m September 
by tlie liigh spniig tides winch overflow the banks at the creek and 
rush in far mland m the Rann This flood caused by the joint 
flow of the sea and river waters rise up to a level of 3 to 1 feet near 
the hanks and 5 to 7 feet in the middle of the Rann The level 
of the floods begin to go dovn with the stoppage of the monsoon 
and the discharge of the rivers after October At the end of De- 
ceiuhei the bioad expanse of the waters of the Rann begin to drv 
leaving a wide incrustation of salt on the siiiface The banks of 
the Rann on the Kathiawad side being 18" to 24" higher than the 
outer fiinge of the Rann remain above the floods Tlie whole of 
the Rann is fairly dry from Deccmbei to the end of Match About 
the end of April or the beginning of May strong south-west gales 
accompanied with sand storms and extraordinaiy high tide force 
the watei up the Hansthal creek into the Rann During the 
siinimci the banen, lifeless Rann gives rise to the most notable 
peculiarity — the Mirage. 

Tlio Rann was at one time the bed of an aim of sea which was 
raised bv some natuial convulsion above its oiigmal level and thus 
cut off from the Ocean Geologically the Rann is of very recent 
fonnation , as there arc recoids which prove that in the time of 
Aloxandei (320 BC) it was a navigable sea, and as late as the 
third century it was knowm to have several ports on its banks That 
the Rann was a navigable sea is also proved from small wooden 
remnants of boats, oars and other articles found verj often embedded 
mthclowerstratain winch shells, fossils, bones and other marine 
deposits are found That the bed of the sea was raised by earth- 
quakes is also proved from the earthquakes which are very 
common in Cutch The great earthquake of 1819 was 
ver}' severely felt. The last shock was in 18G4. In conse- 
quence of these repeated earthquakes the bed of the sea 
has nseu and given nsc to the salty waste In course of time the 
shallow bed gradually filled with clay, sand and gravel discharged 
from the rivers on its banks, and as the waters narrowed and the 
silt accumulated the last remnant of the sea disappeared, leanng 
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in couise of time distmct layers upon layers of the alluvial soil. 
Eor many years there has been no general disturbance m the 
level of the Eann by earthquakes and the salt sand strata near 
Kharaghoda is gradually gettmg exhausted of its natural hrme 
which IS receding towards the west. The sections of the wells as 
shown m Fig 1 at Kuda and Kharaghoda give further proofs of the 
Hann bemg ongmally a bed of sea The surface layer of the Eann 



Sectio’': or Bann 
(Different Strata in WellB ) 

Fio 1 

IS one and-a-half feet of black, sticky, salt clay, washed out with 
fresh water during the monsoon from the surroundmg coast and 
brought ns sdt m the discharge of the rivers Under this there is 
a new deposit of yellowish to greenish coloured mud, which seems 
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■io have been deposited when the area was a sea-creek Under this 
there is a deep grey to indigo coloured mud layer, at some places 
varymg m thickness from six to twelve feet, this old strata of mud 
shows another penod v hen it was the bed of the sea‘-creek In this 
zone about nine to tv el ve feet from the surface there is a gypsum 
deposit of three-fourths to two inches in thickness , under this there 
is a layer more or less of black clay and sand resembhng black 
Kiotton soil , under the old layer of dark mud there is a layer of four 
feet of argiUacious cla)’ and marl This deposit is over a layer of fine 
sand from three to four feet in thickness, which in turn lies over a 
layer of coarse sand or gnt, which in places has consohdated from 
large calcarious matters Brine is found m the salt-sand and grit 
strata, although m some unused wells brine comes upto about four 
feet from the surface In the old and new mud layers there are a 
number of shells and remains of vegetation '\^^len wet the sides 
•of wells cave m the old mud horizon and have to be protected As 
the mam land is approached this old mud gets lesser and lesser, 
■and at places it totally disappears Sand, consolidated gnt and 
loose gnt are fresh water deposits Below these deposits there is a 
deposit of brown mud in which there is no brme The analysis of 
the brmes from Kuda and Kharaghoda wells, the Geological 
formation of the Rann of Cutch and the analysis of the Arabian 
sea water leave no doubt that the presence of the brme in the Rann 
IS due to the evaporation of the enclosed sea water durmg the gradual 
silting of the Rann It is commonly beheved that as the middle 
of the Rann is still imder the high tide level at Hansthal, and as the 
salt-sand strata is twelve to eighteen feet below the surface, this 
strata must finally dip mto the sea at Hansthal, and that the con- 
'®tant supply of brme m the Rann is maintamed by percolation of 
sea water through the sand strata all over the Rann — this supposi- 
tion IS 3 'et to be proved. For over 70 years brine has been drawn 
from the salt-sand strata without the v ells rimmng completely dry. 
It has however been found that the brme is recedmg to the west at 
Kharaghoda, and the wells require considerable time in fillmg up, 
nd the a\ erngc depth of the v ells has gone on deeper and deeper 
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rear after year Tliis deficiency is due to tiie higher level of Khara- 
ghoda Nearer Kuda there is a plentiful supply of brine and no 
shortage of brine has been reported, though at one and the same 
site brine has been drawn for the salt works for over 600 years 
There is no hkelihood of a deficiency of brme at Kuda The annual 
high sea mundation flows mland a fen miles to the east of Kuda, 
but it stops 10 miles away from Kharaghoda If this high sea mim- 
dation had continued to spread over the Kharaghoda distnct, 
there would not have been a gradual shortage m the supply of 
brine as they hai e experienced durmg the last few years It must 
be noted that brme is only obtainable m the salt-sand strata ; 
deeper borings ha^e not shown any brne at lower depths 
which at places hai e given brakish fresli water 
We ha^ e in the brine of the Kann all the salts m practically the 
same proportions as are foimd in sea water, except Calcium Sul- 
phate which has separated out as a thin layer m the Rann. 
during the spontaneous evaporation of the enclosed waters 
Magnesium Sulphate present in the sea water has been largely 
converted into Magnesium Chlonde durmg the exposure m the 
cold It IS for this reason that we find a large percentage of Magne- 
isum Chlonde in the Rann brme As the materials present m the 
Ram bnne are the same as in the parent source, itz , sea water, it 
will be necessary at this stage to examme very carefully the 
composition of sea waters 
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C05IP0SITI0N OF SEA WATER. 

Sea Watet —From the different analyses given in the folloiraig 
tables it \m11 be noticed that the general nature of the constituents 
in the dihercnt sea waters throughout the woild is very neaily alike. 
The difference is m degree but not in the character of the cons- 
tituents The quantities of the principal salts vary within veiT 
narrow limits, and the total of solids dissolved m most of them is 
also within very narrow limits A very extensive obseivation of 
the composition of sea waters was made by Ditmai. who gives 
the foUowmg average composition of sea salts — 


Chloniie 

Per cent 
55 292 

Bromme 

0 188i 

Sulphuric acid (SOj) 

G 410 

Carbomc acid (COj) 

0 152 

Lime (CaO) 

1 676 

Magnesia (MgO) 

G 209 

Potash (K:,0) 

1 332 

Soda (Ka.O) 

41 234 

Basic oxygen equivalent 
to the halogens 

(—12 493) 


Total 100 000 


Wngner gives the following AnaK’bC'i of Setv Waters — In 100 iinrl*' of Sea t\ ator 



Pacific 

Ocean 

[Atlantic 
j Ocean ' 

German 
Ocean j 
1 

Red Sea 

Sodium clilonde 

2 f>877 ' 

2 7>76 1 

2 o>1.3 

3 0,30 

Sodium bromide 

0 0401 

0 0320 1 

0 0173 

0 004 

I’otn'Miini siilplmlc 

0 11>9 

0 171.5 , 

0 1.529 

0 295 

Halcium sulpliato i 

0 IG22 i 

0 2040 

0 1022 

0 179 

^fagnosium sulphate j 

0 1104 j 

0 0014 1 

0 0700 

0-274 

Jlagncsium chlondc 

0 4345 j 

0 3200 i 

0 4041 

0 404 

Potassium chloride 

i 



0 2SS 


3 4708 

j 3 3510 

1 3 4384 

t 

4 534 
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year after year This deficiency is due to tlie higher level of Khara- 
ghoda Nearer Kuda there is a plentiful supply of bnne and no 
shortage of bnne has been reported, though at one and the same 
site brine has been drama for the salt works for over 600 years 
There is no hkelihood of a deficiency of brme at Kuda The annual 
high sea inundation flows mland a few miles to the east of Kuda, 
but it stops 10 miles awav from Kharaghoda If this high sea mun- 
dation had continued to spread o\er the Kharaghoda distnct, 
there would not ha\ e been a gradual shortage m the supply of 
bnne as thev have evperienced dunng the last few j eais It must 
be noted that brme is onh obtamable m the salt-sand strata , 
deeper borings hare not shown any brme at lower depths- 
which at places liaie giieii brakish fresh water 
IVe has e in the brine of the Rami all the salts in practically the 
same proportions as are found in sea water except Calcium Sul- 
phate which has separated out as a thin layer m the Eann 
during the spontaneous eiaporation of the enclosed waters 
diagnesium Sulphate present m the sea water has been largely 
conierted into Magnesium Chloride dunng the exposure in the 
cold It IS for this reason that we find a large percentage of Magne- 
isum Chlonde m the Rann brine As the materials present in the 
Ranr bnne ate the same as in the parent source tiz , sea water, it 
will be necessary at this stage to examine very carefully the 
composition of sea waters 
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C031P0SITI0N OF SEA WATER 

Sea Water — From the different anah'ses given in tlie folloinng 
tables it villbe noticed that the general nature of the constituents 
in the different sea waters throughout the world is ver\" nearly alike. 
The difference is in degree but not in the charactei of the cons- 
tituents The quantities of the principal salts var\' vnthin verv 
narrow linuts, and the total of sohds dissolved m most of them is 
also vnthm very narrow limits A very extensive obseiwation of 
the composition of sea waters was made by Ditmai who gives 
the following ai erage composition of sea salts — 


Chlonne 

Pei cent 
55 292 

Bromme 

0 ISSI 

Sulphunc acid (SOj) 

6 41U 

Carbonic acid (COj) 

0 152 

Lime (CaO) 

1 C7G 

Magnesia (MgO) 

G -209 

Potash (KjO) 

1-332 

Soda (Na^O) 

41 234 

Basic oxygen equivalent 
to the halogens 

(—12 493) 


Total 100 000 


tVflgncr gives tlic following Anahocs of Sea Waters —In 100 jnrfa of Sea It ator 


i 



Pacific {\tiantic German 

Ocean | Ocean - Ocean 

Sodium chloride 

Soilium bromide 

Pota'iMum TOlphntc ' 

f-alcium sulplmto 

Magnesium 'niljihntc 
^fagnejium chlonde 

Potao<iuiii chlonde 

2 f.877 

0 0101 

0 1379 

0 fr>22 

0 1101 

0 4340 

1 

2 7778 

0 0326 

0 171o ! 
0 2040 

0 0614 

0 3260 

1 

2 5513 

0 0373 

0 1729 

0 1622 

0 0706 

0 4041 

3 030 

0 064 

0 297 

0 179 

0 274 

0 404 

0 288 

3 4708 1 

5 5ol j 3 4 ^84 

i 

4 734 
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The composition of the salt contained m the -water of the several 
seas 13 shown by the foUowmg table — 


1 

Cas- 

r 

Block 

Sea 

Beltlc 

TngUth 
Channel 
average 
ot 7 
locals 

MedVtoT 
mnean 
ttNomgo 
of 3 
locals 

, Atlantlcl 
Ocean ! 
average ■ 
of 3 ! 

locals 1 

Bead sea 
average 
of 6 
locals 

A'verape quantiU erf salt and 

1 { 







vater — 


1 






Solid wit 

> 0 #3 i 

1 77 

1 77 

3 31 

3 37 

3 63 

22 30 

■Water 

j 99 37 ' 

98 23 

98 28 

B6 BB 

90 63 

96 37 

77 70 

The dis^ohed ^olld matter con 

t 







In 100 parts ot — 








Sodium chloride 

68 25 

7D 39 

84 70 

78 04 

77 07 

77 03 

36 66 

PotOMium chloride 

1 27 

X 07 


2 09 

2 48 

3 89 

4 S7 

Cftldnm chloride 




0 20 



1 11 38 

Mapnetlum chloride 

10 00 

7 38 

9 73 

8 81 

8 76 

7 86 

1 45 20 

Sodium and \fagneaJum 







1 

Bromides 


0 03 


0 28 

0 49 

1 30 

0 85 

Calcium sulphate 

7 78 

0 60 

0 13 

3 83 

2 76 

4 63 

0 46 

’Mapneslum nulphntc 

19 68 

8 32 

4 96 

6 58 

8 34 

5 29 


Calduin and Magnesium 








carbonatoa 

3 02 

3 21 

0 48 

0 18 

0 10 



MtrcrccnouR and 'Bltninl- 







nous matter 







1 00 


One cubic meter (35 3165 cubic ft ) of sea water contains about 
28 to 31 kilos of sodium chlonde and 5 to 6 kdos of potassium 
chloride. 
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Analysis of water from the Irish 
Channel 


Parts per 1,000. 


NaCl 

KCl 

MgCl, 

ilgBr 

Mg^O, 

MgCO 

Mg(XO ) 

Ca^O^ 

CaCO 

LiCl 

XHAl 

PetO 


26 43918 
0 74619 
3 15083 
0 07052 
2 06608 
trace 

0 00207 

1 33158 
0 04754 

trace 
0 00044 
0 00503 
trace 


33 85946 
1 02721 
1 02484 


biO 


Total 


8 p Gi at 0 C 

, ,4 lo C 


Bombay Sea Water 


Parts per 1,000 parts Sea Water 

Sodium 

10 5599 

Chlorme 

18 7782 

Magnesium 

1 2851 

Calcium 

0 3440 

Potassium 

0 5709 

SO, 

2 8870 

CO3 

0 0760 

Btomme 

0 6160 


35 0171 
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Calcium Carbonate 

0 1266 

Calcium sulphate 

0 9976 

ilagnesium sulphate 

2 7267 

Potassium chloride 

1 0906 

Magnesium chlonde 

2 6220 

Magnesium bromide 

0 5934 

Sodium chloride 

26 8588 


35 0157 


Per cent. 

CaCOs 

0 3615 

CaSO, 

2 8490 

MgSO^ 

7 7880 

KCl 

3 1145 

MgCb 

7 4880 

MgBr, 

1*6940 

KaCI 

76 7050 


100 0000 



IV 


RECOYEKY OF DISSOLYED SUBSTANCES 

Substances dissolved in Sea Waters and Bnnes — ^From. the 
analyses of sea waters given above it will be found that the 
principal constituents of the total dissolved sohds in sea waters 
are the following — 

Calcium carbonate 
Calcium sulphate 
Sodium chlonde 
Potassium chlonde 
Magnesium sulphate 
Sodium sulphate 
Magnesium chlonde 
Magnesium bromide 

Besides these salts there is a large number of others occurrmg 
m very small quantities m sea water, e g , Iodides, Fluorides, Phos- 
phates and Nitrates, Iron, Silver, Gold, Copper, Lead, Arsemc, Zmc, 
Nickel, Lithium, Rubidium and Ceasium , but as these substances 
occur m infimtely mmute quantities, they are of no techmcal 
importance m the recovery of substances from sea water 

The dissolved substances give to the sea water their characteristic 
snhne taste There is a Imnt to the solubdity of each of these 
substances This hmit depends upon the temperature of the hqmd 
and the presence of other dissolved salts In each mdividual 
case, water at a given temperature will dissolve only a certam 
quantity of the substance (Fig 2) YTien this quantity is dissolved, 
it will dissoh e no more of that particular substance The solution 
m that case gets soturdf^d In order to recover the dissolved 
substance, water which is not chemically changed by the dissolved 
substance must be removed bv evaporation either spontaneously 
*n the open air, or by the apphcation of heat Most of the sohds 
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are dissolved m larger porportions by increase of temperature, but 
m tlie case of Sodium Chloride, its solubility remains practically 
constant at higher temperatures. 



Sa\ubiUt^ Curvcdr 

no 2, 

If the saturated solution is lowered in temperature or its volume 
reduced by evaporation, the equilibnum is disturbed, and the 
solution m that case holds more salt than it is able to retain m its 
noniial solubihty conditions The solution is at this point siipcr- 
saturalcl, and the salt m excess will be thrown out of the 
solution as a solid until again a stable solution is formed under the 
altered conditions This process becomes complicated if the solu- 
tion contam'j more than one dissolved salt The separation of 
the dissolved solids as the evaporahon proceeds is in a fixed order 
The least soluble salt separates first and it is followed by the other 
salt m the older of its solubility. By regulatmg the rate of eva- 
poration It IS thus possible to separate out each salt as it reaches 
Its point of saturation This process knonn as fractional cnjslalhsa- 
Uon IS applied in the separation of the vanous salts dissolved in sea 
nater In certain cases two salts separate out simultaneoush* In 
such cases the mixture of salts is re-dissolved m fresli nater, and the 
sohihon agam concentrated andthesalts re-crystallised. By this pro- 
cess of reciystalhsation, pure salts are isolated. If; when the solution 
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IS super-satixrated a minute crystal of the salt is introduced into the 
solution by wav of seeding or inoculation, the process of crystal- 
hsation starts spontaneously m the solution In many cases if the 
super-saturation is earned far enough, the crystallisation wdl grow 
uithout the necessity of inoculation IMien moculation 's 
necessary, the solution is in the metastable state, and when no ino- 
culation 13 required and where the crystallisation is spontaneous, 
the solution is in the labile state In the concentration of sea 
uater we ha^ve these three states occurrmg between the foUowmg 
densities— 

From 3 5 — 17° B the solution is unsaturated 

From 17 — 25° B it is saturated as far as Calcium Sulphate is 
concerned 

From 24 — 25° B the sea water or bnne is m the metastable 
state 

Between 25 — 29 5° B it is m the labile state as far as Sodium 
Chloride IS concerned 

Evaporation — The change m water from its liqmd to the 
gi>f*ous state is brought about m increasing the molecular activity 
b\ the ap 2 >hcatiou of heat The molecules of water are m a state 
ot perpetual motion iFig 3) The energy of this motion depends on 
tilt temperature and pressure It is contmuous, but mcreases if 
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lieat IB applied to tlie liquid \Vlien tlie molecules m motion are in 
liquid they ate attracted by other surroundmg molecules but uhen 
these molecules reach the surface, some of them are movmg with 
sufficient velocity to escape from the surface of the liquid into the 
surrounding space and mingle with the air over the liquid vSome 
of the molecules that have thus escaped have not sufficient energy 
to remain m the space and aie tlirown back m the liquid Over 
the liqliid there is a certam layer of molecules m gaseous form m 
■constant struggle to go out of and come inside the liquid , the pro- 
cess of conung out of the liquid is known as eiaporaiion In short, 
u atcr appears m gaseous state m the form of vapour at its surface. 
As the molecules arc projected from the surface into the air, they 
hai'e to encounter a certam resistance m their passage exerted by the 
pressure of the atmosphere and by the pressure of other molecules 
of water already existmg there If the pressure is great, a number 
of moleeules strike back on the surface and return to the water 
till for a given temperature a maximum vapour pressure is obtained 
(Fig 4) The air above the liquid in that case is saturaled But ib 



VAPOTTtt pressure CCRV1.S Op R’jiTEG 

Tin, 4 . 
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as the molecules come out of the hqiud they are rapidly earned away 
hy a current of air, they do not get a chance of gomg back to the- 
hqmd state and their place is taken by fresh molecules commg 
out of the water The causes therefore which influence the rapidity 
of evaporation of water m open surfaces are — 

(1) The temperature which mcreases the molecular activity, 

(2) The quantity of the same vapour in the surroundmg 

atmosphere, 

(3) Renewal of this atmosphere, and 

(4) Extent of the surface of the evaporation mducmg a 

large number of molecules to strike out of the water as 
vapour at the same 

If evaporation is to be accelerated, it is necessary tha-b — 

(1) The molecular activity or temperature should be high. 

Temperature of the brme would depend on the tem- 
perature of air 

(2) The surface exposed should be as large as possible. 

If the brme is stationary the evaporation will 
be slow as the area exposed would be constant If 
instead of this static condition, the brme is 
kept moinng m thm layers, a verv large surface 
would be exposed to the air and the ei aporation m the 
latter case would be very rapid The prmciple of 
a thm movmg film is now widely apphed m chemical 
engmeenng for concentration of bquids The exposed 
surface of a bqmd may be conriderably mcreased by a 
slow trickling over a pile of pebbles or faggots or by 
spraying from a great height Both these methods are 
used in the rapid concentration of brme 

(3) There should be wmd AVmd is the greatest factor in the 

removal of saturated vapours from evaporating surf aces 
ind also mcreases area exposed by creatmg waves 
and npples In French salterns wmd is considered of 
greater importance than the sun By mcreasmg the 
current of air and by increasing the surface a maximum 
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rate of evaporation may be obtained This princijilc 
IS employed in concentrating brines m high towers 
about 80 feet high by 8 feet in diameter m which a 
strong current of air is mamtained by blowers This 
method IS also employed m the concentration of sul- 
phuric acid. The acid towers are generally 50 feet 
liigh and 8 feet in diameter 

Solar Evaporation — In tropical and sub-tropical countries 
salt IS recovered from sea water and brmes by solar evaporation. 

If local conditions as regards supply of sea water or brmes, soil, 
level and transport are favomable, salt manufacture by solar eva- 
poration IS far more advantageous than by any other means 
Solar evaporation requires the general fulfilment of all the above 
factors, which accelerate the evaporation of water m open surfaces 
They are best studied from meteoiological observations of the 
place at which it is proposed to locate the factory The factors of 
importance are — 

(1) Temperature of the air 

(2) Prcssuic, direction and velocity of the mnd 

(3) Moistinc in the air 

(!) FiXtent of cloudy skies 

(5) Rainy days and lamfall 

(1) Temperature of the Air— The temperature of the air 
depends upon the altitude of the sim, latitude, elevation, distance 
from the sea and character of the winds, and also on the amount of 
clouds and rainfall Dunng the period— November to Februan% 
the temperature of the air in India decreases wnth the increase of 
latitude and hence from South to North, the isotherms lun across 
India nearly parallel to the parallels of tlic latitude Dunng the 
next three months (the liot weather season Marclu April and May) 
the interim of India is heated more than the coast district^, and the 
hottest air IS gencmllv in the central part of India Durum the 
remamder of the year, from .Tune to September, when salt 
manufacture bv solar evaporation is brought to a stand still, the 
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south-west monsoon or ramy season prevails The temperature 
18 highest between the Punjab and Gujarat In India the mean 
temperature falls on the average 1° F for every 330 feet of rise m 
altitude In the dry hot season the nse is 1° F for every 190-200 
feet of elevation 

(2) Pressure Direction and Velocity of the Wind — Distance 
from the sea and direction and character of the prevailmg 
wmds are of great importance m the location of salt works In the 
cold weather, November to February, dry Contmental or Land 
wmds prevail over the whole area In the hot-weather-season 
local sea wmds prevail m the coast distncts, and dry-land-wmds 
over the more distant interiors Durmg the south-west monsoon 
penod, wmds of oceanic ongm charged more with moisture, spread 
over the country Damp wmds are not conducive to rapid eva- 
poration In the table given m this book the moisture in the air is 
referred to as rdaltie kumtdtli/ The chief factors dete rminin g 
the amount of moisture m the air are — (1) Distance from the 
sea and (2) character of the wmds When air takes up aU the 
moisture which it can take up at a given temperature it is said 
to be saturated With an increase m the temperature the saturated 
air will take up more of the moisture The moisture m the air is 
determmed by the wet and dry bulb hygrometer When air is 
cooled gradually, a point is reached, when dew begins to form 
Relative humidity is the ratio of the pressure of the aqueous vapour 
aatually present at a particular temperature to the pressure of the 
vapour which would be present if the vapour were saturated at 
the same temperature Assuming that the barometric pressure 
IS constant, the relative humidity is detenmned by the following 
formula — 

P. 

Relative Humidity = ^ where P, ^pressure of the aqueous 

vapour when saturated at Ti , P3=the pressure of aqueous vapour 
when saturated at Ta , T,=the observation temperature of the 
atmosphere m , T7=the dew pomt at °C 
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The following formula also gives sulHcientlj accurate results — 

Hlass of water vapour per unit volume 
of air at observed temperature. 

Relative Humidity == 

Mass of water vapour per unit volume of 
saturated air at same temperature. 

Of the two thermometers of the wet and diy bulb hvgrometer 
one IS an ordinary thermometer and shows the temperature of the 
air The bulb of the other thennometer has a piece of clean cotton 
inch trapped round It , the other end of it is submerged m a small 
basin of water. This keeps the bulb moistened If there is much 
aqueous vapour in the air, there wall be httle evaporation from the 
moisture near the bulb, and as evaporation is accompanied by a 
loss of temperature or coohng effect the mercury will be lowered. 
But if the air is dry there ivili be a considerable difference between 
the temperature recorded by the two thermometers From the 
readings of the wet and dry bulb hygrometer the dew point may be 
determined The relative humidity table gn'en m this report is 
from actual obseir\"ation of the dry and wet bulb thermometers. 
The aqueous vapour piessure is obtamed from the obseivation of 
the wet and dry bulb thermometers, and by the use of special tables 
prepared by the Meteorological Department In preparing these 
tables, August s formula as modified by Regnault is used The 
formula is based on the relation that the difference between the 
temperatures of the drj^ and wet bulbs is proportional to the difference 
between the actual vapour pressure and the saturation vapour 
pressure at the same temperature, t e e= E-c (T-t) , T and t are the 
observed temperatures obtained from the dry and wet bulbs, and E 
and e are tlie saturation and actual aqueous vapour pressures at 
the air temperature T. c is a factor, dependmg slightly on 
pressure and temperature, and the constant in which is determined 
the actual experiment 

(•1) The amount of cloudy skies is estimated in terms of the 
proportion of the sky covered with cloud by numbem ranging from 
0-10. A 6 k 7 free from cloud is denoted by 0 and the" overcast 



20 


SALT 


south-west monsoon or rainy season prevails The temperature 
IS highest between the Punjab and Gujarat In India the mean 
temperature falls on the average 1° F for every 330 feet of rise m 
altitude In the dry hot season the nse is 1° F for every 190-200 
feet of elevation 

(2) Pressure Direction and Velocity of the Wind — Distance 
from the sea and direction and character of the prevailmg 
winds are of great importance in the location of salt works In the 
cold weather, Novembei to February, dry Continental or Land 
wmds prevail ov’er the whole area In the hot-weather-season 
local sea wuids prevail in the coast districts, and dr\ -land-winds 
over the more distant interiors During the south-west monsoon 
period, winds of oceanic origm charged more with moisture, spread 
over the countrv Damp winds are not conducive to rapid eva- 
poration In the table giv en m this book the moisture in the air is 
referred to as relotne humiihl)/ The chief factors determimng 
the amount of moisture in the air are — (1) Distance from the 
sea and (2) character of the winds ^^hen air takes up all the 
moisture which it can take up at a given temperature it is said 
to be saturated W ith an mcrease m the temperature the saturated 
air will take up more of the moisture The moisture in the air is 
determmed by the wet and dry bulb hygrometer When air is 
cooled gradually, a pomt is reached, when dew begins to form 
Relative humidity is the ratio of the pressure of the aqueous vapour 
aatuaUy present at a particular temperature to the pressure of the 
vapour which would be present if the vapour were saturated at 
the same temperature Assu min g that the barometric pressure 
IS constant, the relative humidity is determmed by the followmg 
formula — 

p_ 

Relative Humidity = ^ where P, =pres 3 ure of the aqueous 

vapour when saturated at T, , P,— the pressure of aqueous vapour 
when saturated at Tj , T,=:the observation temperature of the 
atmosphere in '"C , T,=the dew pomt at “C 
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The followmg formula also gives sufficiently accurate results — 

Mass of vater vapour per unit volume 
of air at observed temperature. 

Relative Humidity 

Jilass of v^ater vapour per umt volume of 
saturated ait at same temperature. 

Of the two thermometers of the wet and dr)' bulb hygrometer, 
one IS an ordmat)' thermometer and shows the temperature of the 
air. The bulb of the other thermometer has a piece of clean cotton 
wick wrapped round it , the otlier end of it is submerged m a small 
basin of water. This keeps the bulb moistened. If there is much 
aqueous vapour in the air, there will be httle evaporation from the 
moisture near the bulb, and as evaporation is accompamed by a 
loss of temperature or cooling effect the mercury will be lowered 
But if the air is dry there will be a considerable difference between 
the temperature recorded bv the two thermometers From the 
rcadmgs of the rtet and dr}’ bulb hygrometer the dew point may be 
determined The relative humidity tuble given m this report is 
from actual observation of the dry and wet bulb thermometers. 
The aqueous vapour pressure is obtamed from tlie observation of 
the wet and dry bulb thermometers, and by the use of special tables 
prepared by the Meteorological Department In preparing these 
tables, August’s formula as modified by Regnault is used The 
formula is based on the relation that the difference between the 
temperatures of the dry and wet bulbs is proportional to the difference 
between the actual vapour pressure and the saturation vapour 
pressure at the same temperature, i e. e= E-c (T-t) , T and t are the 
observed temperatures obtamed from the dry and wet bulbs, and E 
and c are tlic saturation and actual aqueous vapour pressures at 
the air temperature T. c is a factor, dependmg slightly on 
pressure and temperature, and the constant in which is determined 
the actual expenment 

(4) The amount of cloudy sfa'es is estunated m terras of the 
proportion of the sky covered witli cloud by numbers ranging from 
0-10. A Bky free from cloud is denoted by 0 and the overcast 
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sky by 10 Tbe estimate given by the Meteorological Department 
IS not made by any instruments but by mere personal estimate of 
the observers 

(6) The ramfall and ramy days are determmed from the average 
of the records of the Meteorological Department e\tendmg over 
83 years Ramy day is counted when at least 1 /lO" ram has 
been measured 

Evaporation on Open Surfaces in India — Evaporation on open 
surfaces vanes durmg the 24 hours of the day as shown m Eig 6 



Evaporation ottbino 24 houbb 
Fio 6 

In India for purposes of storage reservoirs, tanks, hydro-electnc 
water supply and lakes, the general average evaporation 
durmg the year is taken as 6 feet or 60 mches The foUowmg 
typical observations are given by Buckley, who shows that the 
loss from evaporation alone rarely exceeds 0 4 mch a day m the 
hottest and the driest weather In Sholapur during Apnl and May, 
which are the hottest part of the year 0 38 mch a day is the highest 
evaporation recorded At the same place the evaporation durmg 
November to March averaged 0 232 inch a day In Eajputana 
the average daily evaporation is as follows 


RECOVERY OF DISSOLVED SUBSTANCES 23 


Daily — inches 


October to March 

0'15 

Apnl to June 

0 29 

July to September 

0 21 

Average of the year 

0 20 

Total yearly feet 

6 15 

Tlie average daily loss during different months m the Bombay 

Presidency (Poona) is as under — 


January 0 17 February 0 14 

March 0 17 

April 0 27 May 0 38 

June 

October 0 25 November 0*19 

December 0 14 

Evaporation in Nagpur 

Dady evaporation. 


Inches 

October and November 

0 193 

November and December 

0 143 

December, January and February 

0 128 

February and March 

0 138 

March and April 

0 234 

April and May 

0 374 

May and June 

0 188 

Maximum observed on any one day 

in April 0 428 

Maximum observed dunng the year 

0 600 


From a senes of observations Strange has dravm up the 


following average monthly loss during the prmcipal 

seasons of the 

year — 

Inches 

Inches. 

Cold weather 

3 Total for four months 

12 

Hot weather 

8 

32 

Monsoon 


16 


Total for year 5 ft or 60 ms 
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In Ajmer tlie loss m evaporation i3 as follows — 



1895-96 

1896-97 

1897-98 

Average- 


ft 

ft 

ft 

ft 

October to March 

2 93 

2 73 

2 58 

2 76 

April to June 

3 26 

3 40 

3 41 

3 36 

July to September 

1 17 

0 79 

1 45 

1 14 

Total for year 

7 36 

6 92 

7 44 

7 26 


Evaporation m Ajmer will v'^ry nearly approximate that id 
Dhrangadhra State 

For record of observations taken at diSerent places in various 
countries refer to Buckley 

The above observations are for open surfaces of fresh water 
Evaporation of sea water is stated by Buckley to be quicker than 
fresh water , but this refers only to the fresh sea water of lower 
densities 

Evaporation of sea water and bnne is not umform at varioua 
densities as mil be seen from Fig 6 Evaporation is very rapid 



Rate of Evafoeatiom at Dwfebekt Dehstties 
Fio 6 
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at lower densities, but as concentration proceeds, the rate of evapora- 
tion gradually lowers Eatton states that the rate of evaporation 
18 as high as one inch m two days when a hot wind is blowing ‘ ‘ The 
mean rate of evaporation on the Coromandel Coast for the whole 
salt season is considered to be one mch in three days and numerous 
expenments of the author (Eatton) conjfixm this conclusion Never- 
theless for the sake of keepmg this estimate withm safe limits, it 
will be taken at 1 inch in five days, or say 6 inches a month 
At San Francisco Bay durmg the summer the following evaporation 
of sea water was noted by Phalen — 


Apnl 

Evaporation. 

Inches 

3 38 

May 

5 31 

Jime 

6 62 

July 

7 81 

September 

4 94 

October 

2 94 


Total 38 81 


Absorption — ^Theie are no regular observations taken of loss m 
bnne by absorption m channels, condensers and pans No analog}'- 
could be drawn from observations recorded by Buckley for fresh 
water reservoirs In Salt works the heavier density bnnes are not 
so rapidly absorbed as in the case of fresh waters The absorption 
IS considerably checked by the separation and deposit of Calcium 
Sulphate For this reason at the end of the season and in older 
works there is very httle loss of brme by absorption In well 
constructed salterns ten per cent is usually allowed for the loss by 
absorption. 

Trough Experiments.— In order to detemune the rate of evapora- 
tion per day m Kathiawad and the influence of density of the solution 
on the rate of evaporation on open surfaces under Indian conditions- 
a senes of experiments uere carried out m open troughs Tha 
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following meteorological readmgs were taken side by side at the same 
place These figures will give an idea of the influence of the vanous 
causes which accelerate or retard the evaporations of saline 
solutions For this purpose several wooden troughs 48 2"'x36 3" 
and 6* deep were used These troughs had an exposed cvaporatmg 
surface of 1,750 square mches The troughs were made perfectly 
water-tight with pitch The inner surface of the trough was 
black As salt works are m full operation dunng February, 
March and April, and as m the month of March the weather factors 
are generaUy mean of the extremes, the leadings will be of 
considerable value Durmg the penod of observations the 
weather conditions were as follows — 


i 

1 

1 Dn bulb 1 

et bulb 

F 

TompoTuture 

1 

F i 

M 1 1 

i 

llax 

! Min 

1 Mo^^nc 

I ( wk. wnt-'f 

1 M F ‘ 

V oter In llir 
Troiish 

1 M F 

Fob 10-3S 

' 70 8 

H4 4 

1 S5 7 07 

0 

1 01 7 

57 7 

1 

1 C2 7 

1 

7D 0 

57 1 

72 ^ 

Jtarth I n 

' 78 4 

j 86 1 

1 6C 4 7} 

4 

1 DO 3 

06 1 1 

1 72 3 

so 8 

67 1 

70 5 

Arui nr to s 

1 83 6 

' 87 7 

yi 1 1 76 

1 

j 08 2 

1 71 2 

1 1 

1 70 0 

so 7 




M (mornlnd ) b (c^onitl(r ) 


The direction of wind was throughout NE except m the begin- 
mng of April when it was SW NE v ind is very dry , its velocity 
ranges from 2 to 10 miles per hour 

The temperatures m the troughs varied from 50 85° F The 
lowest was at sunrise and the highest at 4 p m As the evapora- 
tion IS rapid m brmes of lower density, it was observed that 
the temperature of the brmes under 12° B were also 10° F lower 
than those of higher density The troughs were filled umformly 
in each expenment A depth of 4 mches water was taken at the 
commencement of the expenment This quantity measured 117 
htres Each htre corresponds to 1 091 division on 1 /32 inch scale 
The exact mches evaporated were determmed from the number 
of htres remammg at the end of every 24 hours Thus it has been 
possible to detemune very accurately the rate of evaporation per 
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day to %vitlim 1 /32 inch Tiie following is the summary of the 
trough experiments ‘ — 


Humber of days to reach saturation 25° B 


12 30 

"Water evaporated 

htres 

102 45 

Brme remaimng 

7i 

14 55 

Average evaporation per day 


8 33 

Evaporation per sq ft per day 

galls 

0 16 

'Quantity of salt recovered from 117 litres 

lbs 

7 7 

Calculated quantity of salt m 117 litres 


9 3 

Balt percentage recovered 

5J 

83 

Bittern remaimng 


8 9 

Humber of days reqmred for evaporation 
between 24 — 30° B 


3 

Balt obtamed per day 

lbs 

2 6 

Salt obtamed per sq ft 

i9 

0 21 


The evaporation varied as follows — 


Tehruary 

March 

Apnl 

Mean 

Monthly inches 


Evaporation 

Inches Average daily 
10/32—8/32 9/82 

12/32—10/32 11/32 

14 /32— 10 /32 12 /32 

11/32 
10 3 


This figure corresponds exactly nith Ratton’s observation, viz , 
1 inch in three days 

It must be noted that this rate of evaporation of brine is consi- 
derably lugher than the rate of evapoiation of fresh water given by 
Strange, viz , 5 mches per month He, however, allows 8 inches per 
month or a total of 32 mches for four months of hot weather 
In a dry place hke the Eann of Cutch, where durmg the hot 
weather the temperature m the shade very often reaches 112° F,, 
and where during the eight dry months of the year the wmd is 
mostly NW the following will be the rate of evaporation — 
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Monthly inches 

Daily 

September mouth) 

5 

0 33 

October 

11 6 

0 38 

November 

10 5 

0 35 

December 

10 

0 33 

January 

10 5 

0 35 

February 

10 

0 33 

March 

11 

0 37 

April 

12 

0 40 

May 

16 

0 63 

June (1 month) 

6 

0-40 

Total of dry season 

102 6 


Mean of dry season 

11 4 



These figures have subsequently been venfied by the trough 
experiments now bemg carried out at Kudu To provide for all the 
variable meteorological factors, the average rate of evaporation, 
may be taken at 1 /3 of an mch per day for the whole of the dry 
season during which salt manufacture by solar evaporation is 
earned out 

Watt’s Dictionary of Economic Products (Larger Edition, 1893) 
states that, — “ the mean rate of evaporation of sea water in salt 
works IS one vertical inch m three or four days, or 8 mches per 
month ” 

Crystallization of Salt — \Yhen a sohd separates out on coohng 
or concentration of a saturated solution it assumes regular geome 
tncal forms bounded by plane faces These sohd symmetncal 
forms are known as crystals Every chemical substance of definite 
composition which crystaUizes from solution has a specific crystalline 
form charactenstic of that substance This form never changes. 
“ In whatever manner, or under whatever circumstances a crystal 
may have heen formed, whether m the laboratory of the chemist or 
m the workshop of Nature, in the bodies of animals or in the tissues 
of plants, up in the sky or in the depths of the earth, whether so 
rapidly that we may bterally see its growth or by the slow aggre- 
gation of its molecules during perhaps hundreds or perhaps thou- 
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«ands of years, we always find that the arrangement of the faces 
of the crystals, and therefore its other physical properties are subject 
to fixed and defimte laws ’’—(Gurney). When a crystal is sus- 
pended m a saturated solution hy means of a fine thread it grows 
Tiniformly m all directions and the ideal form is ohtamed, but 
under ordmary conditions there are various factors which influence 
the growth of the crystals — 

(1) If the concentration of the solution is not uniform, the 

growth of the diSerent planes is not umformly rapid 
and the crystal develops abnormally 

(2) If the crystal rests on one plane on the surface of the 

vessel, then that face is not fully developed Flat 
crystals parallel with the bottom of the vessels result 
The formation of flat blocks of salt in French, Amencan 
and Aden salt works is due to the crystals not being 
disturbed in the liquid durmg their growth by accretion 
If the crystals and the solution be stirred from time 
to time as m the case of Baragra salt a uniform growth 
m all directions will result 

(8) A cubical crystal sometimes grows rapidly m one direc- 
tion resultmg m needle-hke or bar-hke form. Some- 
times only two faces grow and m that case the growth 
IS like flakes or plates, as m the case of Ghasia Salt, 
when m aU the three directions the crystal is a perfect 
cube as m the case of a fully developed Baragra salt. 

(4) The formation is rapid if the solution is very concentrated 

Temperature and concentration conditions of solution 
must be deterromed for each salt to obtam the best 
results. 

(5) Bapid crystalliaation results m the formation of smaller 

crystals. 

(6) The growth may be changed by the presence of other 

dissolved substances 

(7) Crystallization in motion gives better and more rapid 

results than crystallization m repose The crystals 
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thus obtamed are purer than crystals obtained in 
static conditions 

Common Salt Crystals — Sodium Chlonde forms symmetncal 
cubic crystals having nine planes of symmetry Three are mdi- 
cated m the fig 7 and six others are obtamed by taking planes 
diagonally through three faces of the cube 



PLA^IES OF SYjrMETRY 
SDDit.li Chloride 
Fto 7 

Salt crystals obtained by spontaneous evaporation of sea ivater 
01 brme uithout much disturbance are conical or hopper shaped 
These crystal grams can be altered to some extent by constant 
stirrmg tvhich separates the tmy cubes forming the cone or hopper^ 
and also by the addition of alum and the presence of magnesium 
sulphate or calcium sulphate The effect of these substances is to 
form very hard large coarse crystals When the salt crystals are 
formed in the presence of soluble sulphates as m the case of salt from 
sea water or brmes, or when alum is added, the salt has the first 
tendency to crystaUirem hollow cubes (Fig 8) on the surface of the 
water The cubes grow gradually by the addition of other smaller 
crystals aroimdthem The groivth is in the shape of a hopper (Fig9), 

and when the aggregate IS sufficiently heaLyr, it settles down to the 

bottom of the pan If the aggregate is disturbed by stirrmg with 
the help of a rake or a spade the cri^stals separate out, and each one 
in turn begins to grow If, on the other hand, a fine gramed salt is 
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required gelatine or grease is added Salt, if badly prepared bas the 
property of becoming hygroscopic O'wmg to the presence of shght 



Salt Cubes 
Fig 8 



SALT CRYSTAL 
Hoppe R-sH ATE n 
Fio 9 
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impuntjes of magnesium chlonde wiich remam coated on its 
surface after it is removed from the bitterns m the pan If the salt 
crystals are well washed the hygroscopic property is considerably 
reduced However carefully salt is prepared it shows a tendency 
to stick together m lumps In the preparation of Cerebros table salt 
S per cent phosphate is added m the form of bone meal to prevent 
the salt from forming lumps Under identical conditions of tem- 
perature, concentration and substances m solution salt will separate 
m only one form of crystals The size and the general form will 
depend entirely on the mode of preparation Given bnne of the 
same composition, it is possible to manufacture any grade of salt 
by a vanatioa in the method of recovery 
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The process of obtaining salt (sodium chloride) and other 
substances vrhich are dissolved in sea water or natural brmes 
IS entirely one of gradual evaporation and fractional separation 
of solids at different degrees of concentiation ilost of the 
natural brmes contain the same salts as those foimd in sea 
water If these brmes are reduced in strength to the same 
density of sea water, the composition of the two is very nearly 
alike The weights of the total dissolved solids are m both cases 
•ftithm very narrow hmits The diagram Fig 10 shows the relation 
between Volume and Density of the sea water at different stages 
of concentration 
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Density of Liquids — ^The densit)’^ of a liquid is expressed in 
different terms Specific gravity is the nirmbe] , which ex^iresses 
the relation of the weight of a given volume of the liquid to the 
weight of the same volume of distiUed water at a temperature of 
4° C In order therefore to calculate the specific granty of a body 
it IS sufficient to determine its weights and that of an equal volume 
of water and then to dmde the first weight by the second, the 
quotient is the specific gravity of the body In the usual works 
practice, specific gravity is determmed by means of a hydrometer 
These hydrometers consist of hollow-metal or glass cylmders 
loaded with lead or mercury to which is attached a stem marked 
mth divisions which indicate at the level of a liquid the specific 
gravity directly As specific gramty is not the same at difierent 
temperatures, the hydrometers are marked with degrees 
Centrigade or Fahrenheit at which they aie calibrated 

In salt n orks practice, Beaume’s hydrometei is universally em- 
ployed The graduation of this instrument is made as follows It is 
so constructed that when immersed in pure distilled water, the stem 
dips mto the water nearly at the top This point is marked zero 
A solution of 15 parts of salt m 85 parts of water is made and the 
instrument immersed m it The new point at the level of the 
bnne is also marked and the distance between the two points 
diruded into two equal divisions or degrees Each dirnsion mdicates 
one per cent dissolved salt The graduation is continued to the 
stem upto 4.0 dmsions in salt works practice 

There is another hydrometer known as Saluneter, which is used 
in determinmg the density of salme solutions The zero point 
on Sahmeter is determmed mth distilled water and its lower point 
determmed with the salt solution contaming 26 5 per cent of salt 
at 20° C at which point it is completely saturated The distance 
between the two pomts is divided mto 100 equal parts, or Sahmeter 
degrees In some places Tivaddell's hydrometer is used It is 
graduated in such a mamier that the reading or number of degrees 
on the Twaddell hydrometer stem when multiplied by 5 and added 
to 1,000 gves the Specific Gravity It will be seen from these des- 
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criptions tliat m the case of Beaumfe, Twaddell and Sabmeters the 
graduations are entirely conventional For the conversion of the 
readings by these different hydrometers into Specific Gravity the 
following formulie are used — 

Specific Gravity compared to water at 15° C— I 

144 3 

A Specific Gravity = 

143 3— n 
where n- ~ °B 
l+5(° Tn) 

B Specific Grainty — 

1000 


TlTien the solution contams other substances besides sodium 
chlonde or salt the hydrometer readings do not give a correct idea 
of the percentage of sodium chloride dissolved But for all practi- 
cal purposes the Beaume’s hydrometer is of considerable value 
m salt works 

Gmcentrabon of sea water and bnnes — Stages. — The process 
of concentration may be divided into seven stages (Fig 11) Each 
stage represents a distmct change m the resulting liqmd — 


(1) 

Between 3 9'B and 10 0° 

B1 

(2) 


10 0 

and 17 0 

Bi 

(3) 


17 0 

„ 24 6 

B 

(i) 

ii 

24 6 

29 6 

B 

(5) 

5 ? 

29 5 

„ 35 0 

B 

(6) 

11 

35 0 

,, 37 0 

B 

(7) 

>9 

37 0 

„ 38 6 

B 


Unsaturated 


First Stage — Sea water is generally found to have a Specific 
Gravity of 1 026 to 1 029 at 25° C corresponding to 3 6 to 4° B 
Usually we get on the Indian littoral 3 9° B By gradual evapora- 
tion of sea water the onginal volume is reduced to 37 per cent when 
the density reaches 10° B From the diagram it will be noticed, 
that there is a slight difference between the curves obtained from 
theoretical calculations and the curves obtained from the actual 
observation of concentration experiments of sea water and natural 
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bnne Tins sbglit difference is due to errors in observation and 
manipulation and to the gradual escape of dissolved gases during 
the progress of concentration Hunter (Thorpe) has shoivn that the 



£ind 

tf'iturpf-fi'''"''''-- 
Pro 11. 

volume of gas dissolved m water is 2 2 — 3*5 volumes m 100 volumes 
of water 

CO, 0 N 

Volume of water per cent per cent per cent 

2 2 consists of 28 62 49 44 21 94 

3 5 do. 48 28 17 22 34 5 

The dissolved gases are not entirely removed in open surfaces 

dunng solar evaporation The difference between the theoretical 
and the observed curves at higher concentration is also partly 
accoimted for by the removal of water with the separated salts 
Usually salt contains 2 5 to 5 5 per cent of water not as a con- 
stituent but as an intermixture Upto 10° B the first salt that is 
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tliTown out from the solution is Calcium Carbonate It is e\tremelv 
insoluble m water Its solubility at 30'’ C is only 0 0052 grms m 
100 grms of water As Calcium Carbonate is abundantly found 
m nature, its separation and recovery in salt iiorLs is of no practi- 
cal lalue 

Second Stage After the separation of Calcium Carbonate the 
liquid remains imsaturated till it reaches a density of 17°B The 
ongmal volume of the sea uater is now rerliiced to 20 per cent or 
one-fifth of the original Gvpsum and the rcmammg Calcium 
Carbonate and sometimes also Magnesium Carbonate are very 
often noticed to separate out nt 12 B 

Thu'd Stage — When the concentration has reached 17“B, 
Calcium Sulphate begins to separate out as gypsum CaS02Hj0 
The separated gvpsum at first floats on the surface of the liquid 
as a thm grdv film and when it has sufficientlv accumulated, it 
settles down to the bottom of the pan carrying along with it a little 
salt which just begins to come out w'hen the major portion of the 
gvpsum ceases to separate The separation of gvpsum contmues 
upto 25’B Manzella has showm that the total amount of Calcium 
Sulphate onginallv present in the sea water is not entirely thrown 
out of the solution e\ en w hen the bnne reaches a concentration of 
25°B as will be seen from the following table — 


Separation of Calcium Sulphate 


j 

! 

Remairung 
dissolved ■ 

Total 

deposited 

Percentage 

removed 

3 6 

1 749 



25 0 

0 283 

1 466 I 

1 83 8 

28 5 

0 016 

1 734 

99 1 

32 4 

0 000 

1 749 

100 


Onlvabout84per cent of the dissolved Cabciim Sulphate separate 
out dunng the second stage of evaporation, men natural brmes 
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arc found having a density between 17 — 25°B, they aie generally 
•deficient in Calcium Sulphate In the Eann of Cutch, from which 
Kharaghoda and Kuda bnnes are obtamed, there is a layer of 
about 3" of gypsum under the clay strata This Calcium Sulphate 
^eems to have been separated out from the onginal sea v ater by 
its spontaneous evaporation Similar deposits are found at Stass' 
iurt and m the United States in Virgmia-Saltville and at the salines 
of the Eastern Texas and m many other places In large sea salt 
factones Calcium Sulphate gradually accumulates m the condensers 
or preliminary evaporating basins where the layer of gypsum m 
course of time reaches a thickness of about 2" In French salt 
works and at Aden this deposit is removed from time to tune The 
accumulated quantity is so great that it is difficult to dispose of the 
same advantageously For every 100 tons of salt obtamed from 
the sea water 4 to 5 tons of gypsum are obtamed At Aden m the 
absence of any commercial demand or technical uses, it is spread 
out in the makmg of roads and m makmg impemoiis floor or bottom 
of newly constructed crystalUsmg beds Calcium Sulphate whether 
It 18 used specifically m the preparation of floors or beds of the crys- 
tallismg pans, is always found there in fairly thick layers 
The Calcium Sulphate which separates out in the crystallising pans 
IS part of the Calcium Sulphate left over after 84 per cent of the 
original bulk was removed before the bnne reached a density of 
25“B 

The volume of the sea wmter at this stage is reduced practically 
to one-eighth of the origmal 

Fourth Stage —This stage begins at 24 5^B Pure salt solu- 
tion IS saturated at 26°B when the percentage of salt in solution 
IS 26 0 But m the presence of other dissolved salts, the solution 
behaves as if it is saturated at 24 6°B, when salt begins to separate 
out As the evaporation proceeds for every 100 grms of water 
evaporated from the saturated solution, 36 5 gnns of sodium 
chloride are thrown out of solution The solubihty of sodium 
chloride being 36 6 grms at 30”C m 100 grms of water, the 
percentage of salt present in the saturated solution would be 
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36 5 

(100+36 6) 


= 26 74 per cent bv eight 


Thus for every 


loo grms of saturated solution we have 73 26 grms of water and 
26 74 grms of salt If 1,000 grms of saturated solution are gradually 
evaporated, thenfor every 100 grms of water removed the folloiving 
quantities of salt will be separated from and remain in solution — 


Water 

1 

Salt in sol 

1 

Salt separated 1 

Per cent of 
salt removed. 

732 6 

267 4 j 

1 I 


632 6 

230 9 i 

1 36 5 1 

13 65 

532 6 

194 4 1 

73 0 i 

27 30 

432 6 

157 9 

109 5 

40 95 

332 6 

121 4 

146 0 

54 60 

232 6 

> 84 9 1 

182 5 ‘ 

68 25 

*132 6 

t 48 4 

219 0 

81 90 

32 6 

1 11 9 

255 5 

95 65 

7 6 

2 8 

264 6 

98 95 

2 6 

1 0 

246 4 

99 63 


1 

267 4 

100 


Phiom table on page 43, it wiU be noticed that the solution remains 
between 25 and 26 " B for a very long tune The rise in density is 
not rapid on account of the separation of the dissolved salt The 
density begms to be appreciably higher than 26 after the separa- 
tion of over 50 per cent of the dissolved salt The densitv fluctu- 
ates durmg the day and the night When during the day the eva- 
poration IS rapid under the influence of the sun and the wmds, the 
brme becomes slightly supersaturated , but when night falls and the 
temperature of the air is lower there is a drop in the temperature of 
the brme due to its coohng, and the consequent separation of the 
excess of salt from the super-saturated solution This drop in the 
readmgs of the density taken m the evemng of the previous day 
and the next day m the mommg is very noticeable As the con- 
centration proceeds, more and more salt is thrown out of the solu- 
tion till the bnne reaches a density of 28 6°-— 29°B It is well 


Densitv 29 B'B 
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known tkat tke total quantity of salt ongmaUy present in the bnne 
IS not entirely separated when the density has reached 28 5°B. 

Separation of Sodium Chloride. 


°B 

Total dissolved 

1 

i Totnl separated 

Per cent 
separated 

3 5 

! 29 G9G 



25 0 

29 G96 



28 5 

8 889 

20 807 

70 0 

32 4 

3 993 

25 703 

8G 6 


The yield under Indian conditions would be different, but 
Manzella s figure for 28 5° B compares very favourably with the 
calculated figure, for 29° B viz , 75 73, and with the actual obtained 
from trough expenments at 30° B, viz , 83 The salt obtamed 
upto 28 5° B IS generally of the following composition — 



Bnne salt 

Sea salt 

NaCl 

97 40 

97 11 

CaSO^ 

0 58 

1 10 

MgSO, 

0 15 

0 23 

MgCI. 

0-08 

0 04 

Insoluble residue 


0 05 

Water 

1 71 

1 40 


99 92 

99 93 


These typical analyses show that Sodium Chlonde is associated 
with othei salts, such as Calcium Sulphate, INIagnesium Sulphate 
and Magnesium Chloride Though Potassium Chlonde is not 
shown in these two typical analyses, it is also foimd to the extent of 
0 012 per cent l\Iagnesium Chlonde renders the salt hygroscopic 
and the presence of the moisture over one per cent is accountable to 
this salt Magnesium Chloride also mtensifies the salty taste If 
the salt IS v ashed with weak bnne or fresh water, most of 
the above impunties, which are found in the residual 
coating of the bittern remaining on the surface of the crystals, 
are removed and the salt thus washed is 99-99 j per 
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cent pure The fourth stage is completed wlicn fclie concen- 
tration reaches to The concentration is not earned 

further as the salt that separate ■> out at this higlier concen- 
tration IS sery impure and difficult to separate from the adhering 
bitterns For this reason, at all the salt factories, the process of re- 
covering salt 18 stopped when the concentration has reached 29'’B 
At this stage the remaining bittern is onh 1 per cent of the original 
\olume and 'ts u eight is practicalh the same ns the u eight of the 
90-94 per cent salt reco\ ered The remaining liqiud is knorni as 
‘ bittern Ballard, the French Chemist, uas the first to suggest 
the recoien of these valuable b\ products from bitterns During 
the Great A\ar bitterns received considerable attention in all the 
leading countries as a \er) valuable source of several by-products, 
particularh Potassium, Magnesnim and Bromine 
Composition of Bitterns — -If the coinjiosition of sea water 
or natural brine is know n it is possible to calculate the composition 
of the resulting lutterns Assuming that the average composi- 
tion of sea water is as given below, the composition of the bnne 


and bittern would be 

as given lu the following table 
Sea water of 

— 


a\ erage 

Percentage 


composition 

of 

Calcium Carbonate 

at 4° B parts 
per 1000 

total sohds 

0 035 

0 10 

Calcium Sulphate 

0 735 

2 10 

Sodium Chlonde 

27 300 

78 00 

Magnesium Sulphate 

2 625 

7 60 

Potassium Chlonde 

0 749 

2 14 

Calcium Chlonde 

0 070 

0 20 

Magnesium Chloride 

3 185 

9 10 

Magnesium Bromide 

0 301 

0 86 


Total 36 000 
Water 966 000 

1000 000 

100 00 
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Analysis of Bitterns — 28 to 30 B 

(American Salt Works — -Phalen ) 
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Analysis of Bitterns between 34-36°B 

Kharaohoda Frasce 

Gnns pcrhtte Grms per litre 



1 1 

1 2 

3 1 
1 

1 

1 ^ 

" ! 

Average 

CAlcInm Carbonate | 



j 

0 79 




0 70 

Calcium Sulpliatc ^ 



1 70 

1 

! 


1 70 

Sodium Chloride 

10 80 

0 47 

10 76 

31 73 

34 0 

51 18 

25 10 

Itagnc^Ium Sulphate 

30 05 

IS 21 

32 80 

1 

102 00 

82 0 

76 5 

57 62 

rofassium Chloride 

1 73 1 

1 

1 8 25 

17 00 

I 

1 54 24 1 

20 51 

■Matme^ium Chloride 

373 50 

448 41 

300 84 

237 50 

[ 200 0 

314 08 

332 42 

^tagnestum Bromide 

7 24 

11 86 

5 50 

( 


i 4 0 


7 15 

Calcium Chloride 1 

1 

1 



1 

1 

41 0 

1 

41 00 


Bombay Sea Water Bittern. 

Density 29 25° B, 

Radicals 



Grms. per litre. 

Pei cent. 

IC 

18 90 

1 51 

Na 

55 07 

i 

4 41 

Ca 

Traces 

1 Traces 

Mg 

43 68 

i 

1 3 49 

Cl 

198 52 

1 16-89 

SO, i 

58 92 

4 71 

1 

Br , ' 

1 89 

0 14 

Total 

1 

' 376 89 1 

' 1 

30 15 
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Conventional Combination 


— 

Grms per litre 

1 

Per cent 

1 

Calcium Sulphate 

Sodium Chlonde 

140 14 

11 21 

Magnesium Sulphate 

73 69 

5 89 

Potassium Chloride 

If) 09 

2 89 

Magnesium Chloride 

128 80 

10 30 

Magnesium Bromide 

2 07 

0 17 

Total 

180 75 

30 46 


Fifth Stage — hen the bitterns are drained out from the crys 
talhzing pans at 29 thev contain v anous salts in solution. 

These salt^ are at 29 verv near their point of saturation For 

this leason the bitterns require very careful treatment As the 
oiigmal volume of sea water has contracted to 2 per cent when it has 
reached 29 5 B It will be more convenient to take the bitterns 
of 29 9 B as the starting liquid for the calculation of volume in 
the subsequent stages of e\ aporation As the evaporation proceeds, 
sohds contmue to separate out The deposits obtained up to 
Sb B consists mainly of sodium chloride with a small percentage 
of magnesium and potassium chlorides and sulphates It will be 
noticed from the solubilitv curves that magnesium sulphate and 
potassium chlonde are soluble practically to the same extent at the 
ordmarv temperature of the air (25T) Their separation from 
saturated solution is very difhcult The separation of various 
dissolved sohds from bitterns has been the subject of a very close 
study by Van t Ho 5 His classical researches on the subject must 
be studied m this connection Hildebrand has also contnbuted a 
very valuable paper on the subject This paper is reprmted in 
extenso as an appendix to this report 
Bitterns from Bombay sea water, from Kharaghoda and 
Dhrangadbra bnnes have been very closely studied m my laboratory 
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Deposits obtained at different concentrations of the bitterns were 
separated and examined In the fifth stage from 29 6°B to 35°B 
most of the sodium chlonde, nduch remamed dissolved in the 
bitterns, separates out Manzella has shown that between 28 5 — 
32 5'B 16 per cent more of the sodium chlonde separates out, 
whereas according to Macnab sodium chloride separates out as 
follows — 



Sodium 

Chlonde 

separated. 

Per ce 

0“B 

26 25 

3 2614 


27-00 

9 6550 


28 50 

7 9900 

70 4 

30 20 

2 6240 


30 24 

2-2720 


35 00 

1 4040 


Total 

27 1074 

91-3 

Total salt remain- 

mg in 36° B 

2 5885 

8 7 

Total 

29 6959 
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From the tables showmg the analysis of the \ anous crops obtain- 
ed from sea water and Kuda brmes, it will be noticed that sodium 
chloride h the prmcipal salt to separate out upto 35°B It 
“lontmues to come out at normal temperature in the subsequent 
stages 97 1 per cent of salt remauung m the bittern at 29 6°B 
IS remo^ed when the concentration reaches 35°B In the second 
deposit of sodium chlonde thius obtained, there is a fairly large 
quantity of magnesium sulphate If the deposit is recovered 
when the solution is at a higher temperature, i iz , at the end of the 
day, most of the magnesium sulphate will re-dissolve into the 
bitterns owing to its gieatei solubihty at higher temperature than 
sodium chloride 

Sixth Stage — This is a \er\ important stage m the recovery of 
bi -products At this stage potassium salts and magnesium 
sulphate and also sodium sulphate are reco\ ered if the process of 
separation is woiked out carefully From the solubihty curves and 
the tables of solubiliti it will be noticed that magnesium sulphate 
and potissmm cliioride are of identical solubility In the French 
salt woiks the bitterns of 36^B are allowed to cool spontaneously 
during winter till the\ reach a temperature of 11-12°C when 
magnesuim sulphate separates out In order to prevent the forma- 
tion of carnallite which is likely to deposit, the temperature is very 
carefulK mamtamed at ]2°C and not allowed to go below this 
pomt Three qualities of magnesium sulphate are obtamed These 
are described m the description of the French salt works If after 
the lemoval of the deposits of magnesium sulphate the bittern is 
further cooled to 6°C and under by means of a refrigerating plant, ft 
double decomposition takes place between sodium chloride and 
the lemammg magnesium sulphate Sodium chloride must be m 
slight excess than theoretically required for the reaction If it la 
deficient it must be made up by the addition of the required 
quantity The double decomposition results m the formation of 
sodium sulphate (Na, SO, lOH.O) and magnesium chlonde, at 
the end of this stage the ongmal bittern is reduced to 67 per 
cent of its volume 
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Seventh Stage. — ^This stage is m every way as importrant as tlie 
last If it IS desired to recover bromine from the bitterns, it is 
advisable to pass chlorine m the bitterns at this stage rather than 
at tbe final stage It is found that bromine which occurs ongmally 
m sea water or bnne mainly as magnesium bromide is gradually 
lost dunng the fifth, sixth and the seventh stages This loss can be 
reduced to the lowest possible figure if high temperatures are not used 
in the process and the mother hquor treated with chlorme m the sixth 
or the begmning of the seventh stage Chlorme replaces brormne 
in the bromides and converts them into chlorides This operation 
IS earned out in voIvic stone towers Clilonne mav be generated 
by any one of the well-known technical methods A description 
of the process as earned out m France and in America is given m 
the respective sections After the recovery of bronune the mother 
liquor contains mainly potassium chloride, traces of sodium chloride 
and magnesium chloride This liquid if heated and concentrated 
to 40 B, camallite KClMgCl 6HaO separates out If any mag- 
nesium sulphate still remains in the liquid it also separates as 
kiesente By fractional crystallization pure potassium chloride 
may be obtained from carnallite This process as giveu above, for 
the by-products is modified considerably according to the quality of 
the by-products required, and consequently the description given 
above must be taken as m the nature of an outline of the process 
earned out Dunng the final stage the remaimng mother liquor 
will contain mostly magnesium chloride This is heated m open 
copper vessels upto 134 C and then gradually cooled to 120°C 
At this temperature magnesium chloride containing six molecules 
of water temams m the liqmd form Any kiesente, sodium cldonde 
or camalhte which has remamed in the hquicl separates out as a 
sludge Magnesium chloride must be handled at this stage with 
great caution If the temperature is not properly controlled, the 
salt IS hydrolysed and magnesium oxide rs formed Hydrochlono 
acid escapes m the air , for this reason the process of meltmg 

magnesmm chloride must be earned out m a well ventilated bmld- 
ing 
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By-Products obtainable from Salt Industry. — It bas been 
sbovm that the first grade of sodium chloride recoverable up to 
28 29° B IS about 76 per cent of the total sodium chloride contained 
in the bnne For every 100 parts of sodium chloride obtamed upto 
28-29° B, the folloivmg by-products are obtamed If care is taken 
not to allow the temperature of the bittern to fall below 15° C, the 
whole of the magnesium chloride coidd be recovered with six 
molecules of water m the hydrated form, but if the bitterns are 
exposed to air durmg very cold mghts, part of the remainmg sodium 
chloride wiU combine with magnesium sulphate, and sodium sul- 
phate and a large proportion of magnesium chloride would be form- 
ed as a result of double decomposition 


Sodium Chloride (up to 29° B) 

100 

00 

„ (separated after 29° B) 

25 

000 

Magnesium Sulphate (7H,0) 

20 

807 

Potassium Chloride 

2 

896 

Calcium Chloride 

0 

271 

Magnesium Chlonde (6H,0) 

27 

608 

Bromine 

1 

012 
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CONSTITUENTS OF SEA WATER AND BRINES 

Properties and Uses 

Calcium Sulphate. — It occurs widely distributed m Nature As 
anhydrite, it is found associated ivith limestone deposits and in 
salt layers The dihydnte is more plentiful as Alabaster and 
Gj^psum 01 Selcmte VTien calciiun sulphate is precipitated from 
its solution as in the case of salt manufacture, it separates out as 
a dihydrate or gypsum If gypsum is heated to about 120 to 
130° C it loses one and a half molecules of water of crystallization 
and forms the senuhydrate (CaS 04 ) ,H^0 Icnown as burnt gjqisum 
or Plaster of Pans GiTisum is largely used in various mdustries 


Crude form 

Quantity m 
short tons 

Value in $ 

For Portland Cement 

187,680 

3,05,745 

Pamt matenal 

1,281 

1,300 

Plaster material 

29,516 

77,860 

Land plastei 

27,972 

91,883 

Other purposes 

7,484 

11,630 

Calcined 

For dental jilastei 

174 

636 

As plaster of Pans, wall plaster, etc 

1,074,229 

35,08,502 

For glass factones 

14,412 

41,102 

Portland Cement and other pur- 

poses 

36,802 

99,934 

Total 

1,389,550 

41 38,560 
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Though there are numerous deposits of gypsum m India, its 
production is very small as compared ivith the production m other 
countnes 


1910 

In 1000 short tons 

Umted States 

2,169 

France 

1,981 

Canada 

482 

Umted Kmgdom 

96 

Algena 

60 

India 

7 


When finely ground gypsum is heated with finely powdered coal 
or charcoal or with carbon monoxide, it is reduced to calcium 
sulphide and carbon dioxide When calcium sulphide is treated 
with water, it is decomposed with the formation of calcium 
carbonate and sulphuretted hydrogen which, in turn, may be 
igmted m air to give sulphur These reactions are made use of in 
Germany m obtaimng sulphur for making sulphuric acid This 
process is used by Badische Amhn-und Soda Fabrik at Oppau 
These works are fully described m the Journal of Chemical and 
Metallurgical Engneermg 1921 and 1922 
Calcium sulphate is very insoluble m water, at 26°C 0 0208 and at 
30°C 0 2096 grms are soluble m 100 ccs of solution The efiects of 
a foreign salt on a solution is to lower the vapour pressure of the 
solution at a given temperature When gypsum is dissolved m the 
presence of sodium and magnesium chlorides, as is foimd to be the 
case m brmes, the vapour pressure of the solution is distmctly lower 
than the vapour pressure of a solution of gypsum In such cases a 
lower hydrate separates out This explains the formation of anhy- 
drites in the evaporation of brme If the anhydrite forms on the 
the surface and is m contact with moisture, it passes slowly m the 
dihydnte form or gj^psiup The specific gravity of gypsum is 
2 31 "When plaster of Pans is wetted with one-third of its weight 
of water, it forms a plastic mass which sets m form in 15 to 25 
minutes to a white porous hard mass This settmg is well known for 
ma kin g moulds and m plaster work The shght expansion which 
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occurs during the setting of the plaster enables us to make a 
sharp reproduction of the details of the mould 

Sodium Chloride. — Generally known as conunon salt It is 
very widely distributed in Nature as rock salt known as Hahte or 
dissolved m salt lakes as brme under the surface and in sea water 
Pure salt is colourless and transparent Salt crystalhses m cubes 
These crystals are anh 3 ^drous A httle sea water is mechanically 
held in the cr}^tals This causes the salt to decrepitate when heated 
Sodium chlonde melts at SOP C and sublimes at highei tempera- 
tures 36 5 parts of salt are soluble in 100 parts of water at 30° 
C The saturated solution thus contams 26 74: per cent of dissolved 
salts Its solubility decreases m the presence of othei more soluble 
salts, such as magnesium chloride, magnesium bronude, potas- 
sium chlonde and magnesium sulphate This lowermg of solubdity 
accomits for the salt separatmg at 24 5° B instead of 26° B m the 
recovery of salt from brmes Its hardness is 2 5 , its specific 
gravity ranges fiom 2 1 to 2 6 that of pure cr^J^stals being 2 135 
In storage pure i to cubes take 36 cu ft per ton or 62 5 lbs per 
cu ft smaller crystals require 33 4 cu ft per ton or about 
671bs per cu ft The weight of salt m a cubic foot wnU depend 
upon the nature of the crystals and the impurities contamed 
Tlie rock salt of Mayo inines weighs 93 lbs to a cubic foot In 
another case a compact natural block gave 131 44 lbs Well 
formed dry sea salt weighs 60 lbs The Madras sea salt weighs 38 
to 52 lbs which IS also the weight of Ghasia salt The angle of 
repose m large salt heaps is 36 degrees 
Salt is used for a number of purposes For culiner}'- and for 
general domestic purposes salt is ver)’- largely used aU over the 
world In the Western countries the consumption per head 
of population is 16 lbs In India it is 12 lbs per year , 40 per 
cent of the world’s tohal production of salt is thus used A small 
quantity is used for agricultural purposes, but the greatest use of 
salt IS m the manufacture of sodium compounds such as '?oda ash, 
sodium sulphate, hydrochlonc acid, caustic soda and other 
chemicals Salt is also used m refngerating plants and in 
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Tliougli there are numerous deposits of gypsum m India, its 
production is very small as compared witli the production in other 
countries 


1910 

In 1000 short tons 

United States 

2,159 

France 

1,981 

Canada 

482 

Umted Kingdom 

95 

Algeria 

60 

India 

7 


When finely ground gypsum is heated with finely powdered coal 
or charcoal or with carbon mono-ade, it is reduced to calcium 
sulphide and carbon dioxide AWien calcium sulphide is treated 
with water, it is decomposed vath the formation of calcium 
carbonate and sulphuretted hydrogen which, m turn, may be 
igmted m air to give sulphur These reactions are made use of in 
Germany m obtaining sulphur for making sulphuric acid This 
process is used by Badisehe Anihn-und Soda Fabnk at Oppau 
These works are fully described in the Journal of Chemical and 
Metallurgical Engineenng 1921 and 1922 
Calcium sulphate is very insoluble in water, at 25'’C 0 0208 and at 
30°C 0 2096 grms are soluble m 100 ccs of solution The effects of 
a foreign salt on a solution is to lower the vapour pressure of the 
solution at a given temperature When gj^um is dissolved m the 
presence of sodium and magnesium chlorides, as is found to be the 
case m brmes, the vapour pressure of the solution is distinctly lower 
than the vapour pressure of a solution of gypsum In such cases a 
lower hydrate separates out This explains the formation of anhy- 
drites m the evaporation of brme If the anhydrite forms on the 
the surface and is m contact with moisture, it passes slowly m the 
dihydnte form or gypsum The specific gravity of gypsum is 
2 31 MTien plaster of Pans is wetted with one-thud of its weight 
of water, it forms a plastic mass which sets m form m 16 to 25 
minutes to a white porous hard mass This settmg is well known for 
makmg moulds and m plaster work The shght expansion which 
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occurs dunng the setting of the plaster enables us to make a 
sharp reproduction of the details of the mould 

Sodium Chloride. — Generally known as common salt It is 
very ividely distnbuted m Nature as rock salt knowm as Habte or 
dissolved in salt lakes as brme under the surface and m sea water 
Pure salt is colourless and transparent Salt crystallises in cubes 
These crystals are anhydrous A httle sea water is mechamcally 
held in the crystals This causes the salt to decrepitate when heated 
Sodium chloride melts at 801° C and sublimes at higher tempera- 
tures 36 5 parts of salt are soluble m 100 parts of water at 30° 
C The saturated solution thus contams 26 74 per cent of dissolved 
salts Its solubility decreases m the presence of other more soluble 
salts, such as magnesium chlonde, magnesium bromide, potas- 
sium chloride and magnesium sulphate This lowermg of solubihty 
accounts for the salt separatmg at 24 5° B mstead of 26° B m the 
recovery of salt from brmes Its hardness is 2 5 , its specific 
gravity ranges from 2 1 to 2 6 that of pure crystals bemg 2 135 
In storage pure {to I" cubes take 36 cu ft per ton or 62 5 lbs per 
cu ft smaller crystals require 33 4 cu ft per ton or about 
671bs per cu ft The weight of salt m a cubic foot will depend 
upon the nature of the crystals and the unpunties contamed 
The rock salt of Mayo mines w eighs 93 lbs to a cubic foot In 
another case a compact natural block gave 131 44 lbs Well 
formed dry sea salt weighs 60 lbs The Madras sea salt weighs 38 
to 52 lbs which is also the weight of Ghasia salt Tlie angle of 
repose m large salt heaps is 36 degrees 

Salt IS used for a nimiber of purposes For culinery and for 
general domestic puiposes salt is very largely used aU over the 
world In the AVestem countries the consumption per head 
of population is 16 lbs In Lidia it is 12 lbs per vear , 40 per 
cent of the woild s total production of salt is thus used A small 
quantity is used foi agricultural purposes, but the greatest use of 
salt is m the manufacture of sodium compounds such as «oda ash, 
sodium sulphate, hydrochloric acid, caustic soda and other 
chemicals Salt is also used m refrigerating plants and m 
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a number of miscellaneous industries, eg , m the glaring of the 
coarser lands of pottery and earthciiu are, the piesenatioii of wood, 
fish, meat, butter, the curing of hides, th^ manufacture of soaps, the 
dyemg of te'ctile goods the manufacture of inferior glasses used for 
wine bottles non metallurgy and m a number of other mdiistncs 

Magnesium Sulphate. — Magnesium sulphate of commerce is 
chiefly obtained from kiesente (Mg SO^ H, 0) At Stassfurt kieserite 
layer is found between camalhte and rock salt strata It can also 
be prepared from magnesite and sulphuric acid It occurs ns 
kiesente in combination with potassium sulphate and magnesium 
chlonde and contains si\ molecules of w ater Magnesium sulphate is 
also obtamed from dolomite — a mineral containing magnesium and 
calcium carbonate If kiesente is dissoKed m water, it takes seven 
molecules of water and forms a colourless crystalline salt readily 
soluble m water This salt is generally knowm ns Epsom Salt 
It is efflorescent m drv air and begins to lose its water of crystalliza- 
tion at ISO'C 30 9 parts of anhydrous salt are soluble at lO'C 
in 100 parts of water At lO'C 45 6 parts of water are soluble 
If sodium chloride is obtained in the solution with magnesium 
sulphate, a double decomposition occurs on cooling the solution 
Two molecules of sodium chloride with one molecule of magnesium 
sulphate gne one molecule of sodium sulphate and one molecule of 
magnesium chlonde This reaction is made use of m the com- 
mercial preparation of sodium sulphate 

Magnesium sulphate is generally placed on the market as colour- 
less crystal of 1 6787 sp gr 

Epsom salt or magnesium sulphate is used in the tan- 
ning and dyemg mdustnes, and m the manufacture of pamts 
and soaps , but its chief use is m the fimshmg of cotton goods 
Magnesium sulphate for fimshmg purposes must not contam any 
magnesium chlonde, as the latter is hable to generate hydrochloric 
acid m the free state at the temperature of the callender rollers 
and thus tender the fibre Epsom salt is also used for agricultural 
purposes, as weighting mgredient for sizing yams It is also used 
for weighting paper, silk and leather and for fire proofing matenals 



CONSTITUENTS OF SEA WATER AND BRINES 59 


Sodium Sulphate. — This compound m its anhydrous state is 
known as salt cake Glauber’s salt contains 10 molecules of water 
of crystallisation If Glauber’s salt is allowed to remam exposed 
to the air or more quickly heated, it passes into the anhydrous 
form , the commercial variety is the decahydrate — Na^ SO^ lOH, 0 
This salt occurs m nature in sea water natural brine and in several 
deposits m Persia, Spam, Caspian Sea and Siberia For mdus- 
trial purposes this salt is prepared at Stassfurt from crude camaUite 
and also by the decomposition of salt with sulphuric acid Most 
of the Glauber s salt manufactured is converted mto soda It is also 
found as a b 3 ’^-product in the manufacture of nitnc acid The 
annual output of salt cake is 360,000 tons Glauber’s salt forms large 
monochmc crystals which melt at 32 4'’C and are re-dissolved in 
the sulphate and water Forty parts of sodium sulphate dissolve 
in hundered parts of water at SOT The maximum solubility 
IS 55 parts at 34’C Glauber’s salt is largely used by dyers, both 
in Its ciystallised and calcmed form It is used in the finishmg 
of cotton goods and is found m most of the dyestuffs which are 
sold m the form of powders or pastes m which it is very often added 
for reducing the stiength of the colours It is used by dyers 
for purposes of regulatmg dyemg operations Glauber’s salt is 
prmcipally used in the manufacture of sodium carbonate, and is 
also extensilvely used m glass making, especially mndow and 
bottle glass 

Potassium Chloride. — ^Tlus salt occurs in sea water brmes and 
in various natural deposits It is found m fStassfurt, m Salt-Lake — 
XJta and at various other places, mamly associated with rock salt 
or brmes It occurs as seybine — KCl, as carnallite — KOI MgCL 
6H.0 as kamite— MgSO, K^SO^ MgCI,6HT, as schonite— MgSO.K, 
S0.6H-0 These potassium salts are used for the recovery of pure 
potassium clilondes Different methods are employed at Stassfurt 
to recover the pure salt As potassium chloride and magnesium 
sulphate are equally soluble m water, the separation of potassium 
chloride is very difficult Carnallite is, however, ver}’’ soluble m 
hot solution of magnesium chloride Magnesium sulphate and 
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sochum chlonde, however are sparingly soluble The process of 
separation is based on this property of camallite In France the 
separation is effected by cooling the mixture of magnesium sulphate 
potassium chlonde, magnesium chloride and sodium chloride 
Magnesium sulphate and common salt separate out leaMiig the 
camalhte m solution 

Camallite is separated out and treated as under — 

(1) Lixiviation of the camalhte vith hot water 

(2) Crystalhsmg the chloride of potassium b} artificial 

freezmg 

(3) Evaporating and cooling the mother liquor to produce a 

second crop 

(4) Treating the second crop ns before 

Potassium chloride is a white substance crystalhsmg m cubes 
melting at about 760“C and slightly volatile at high temperatures 
100 parts of water dissolve 32 7 parts at 15°C Potassium Chlonde 
forms the basis for the preparation of a number of other valuable 
potassium salts— such as potassium nitrate, carbonate, bromide, 
chromates and chlorate By far the most important use of 
potassium salts is in the preparation of artificial manures 
During the war the supply of potassium salts from Stassfiirt 
was suddenly stopped and vanous other sources of potash salts 
were brought to fight Potash salts are now prepared as a by- 
product in cement, salt and sugar mdustnes 

Magnesium Chlonde — Magnesium chlonde is present in sea- 
water and in natural bnnes It forms part of camallite which is 
found in abundance m the Stassfurt deposits Magnesium chlonde 
of commerce is principally prepared ns a by-product at Stassfurt 
and sea-salt manufacture In both cases-the mother liquor remam- 
mg after the recovery of the potash salts is evaporated at 134° C to 
specific gravity of 1 34 The hot concentrated hquor is run mto 
casks or drums where it solidifies mto a white mass contaimng 
about 46 per cent of magnesium chlonde The cost of produemg 
one ton of crystallised chlonde of magnesium in Stassfurt before the 
war, mcliiding containers, was 16 shillmgs per ton (c f preparation 
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of magnesiuin cHoride at Kliataglioda) Magaesmm chlonde is a 
very soluble and debquescent substance Its principal technical 
use IS in the preparation of sizing for cotton yarn where it 
IS used on account of its hygroscopic properties to keep the yam 
moist, soft and pliable In a dry chmate a very large percentage of 
magnesium chloride is required in sizing In Ahmedabad where 
the natural humidity m the air is very low, 5 tons of magnesium 
chloride are, as a general practice required for every 100 looms In 
Bombay which has a far more humid atmosphere hardly 2^ to 3 
tons are required 

Calcium Chloride. — Calcium chloride is present in sea water 
and natural bnnes In the spontaneous evaporation of the mother 
hquor it separates out as tachhydrite Ca CU MgCh 12HjO There 
IS no extensive application of this salt but as it is a by-product in 
several important mdustnes, viz , m soda-ash manufacture and 
potassium chloride and the Welden chlonne process various uses are 
suggested for its disposal Calcium chloride is a highly hygroscopic 
substance, which when dissolved m watei shows considerable 
dimmution m temperature If a hydrated salt is heated strongly 
it becomes anhydrous It is placed on the market as a fused solid 
Its principle uses are as a dehydratmg agent, presen’-ative and in 
fire proofing pamts It is also used in freezing mixtures and m the 
manufacture of ammonium chlonde and mmeral waters Calcium 
chloride is sometimes used m sizing, though its use is limited to a 
very great extent as it cannot be used either with Epsom or Glau- 
ber’s salt Durmg the war when there was a shortage of magnesi- 
um chlonde in Bombay certam texile mills had used calcium 
chlondes as a deliquescent substance m sizmg Recently calcium 
chloride has been largely used m cities and towns for spraying over 
roads m order to keep down the dust 

Magnesium Bromide. — Magnesium bromide is found in the 
mother hquors remaimng after the recovery of salt At Stassfurt 
it is found as brom-carnalhte MgBr, KBr GH^O The quantity 
occurring in the mother liquor is sufficiently large for its recovery 
Magnesium bromide as such is of httle techmcal value except as 
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raw matenal for bromine As Magnesium bromide is highly 
hygroscopic, it is not separated by fractional crystallization but by 
treatment with chlorine gas bromine is set free This process is 
employed m France, Glermany and the Umted States Chlonno 
required for this purpose may be generated by any one of the well- 
known processes At Stassfurt bromine vapours are passed over 
wet iron tummgs The resulting bromide of iron ser\ es as raw 
matenal for the manufacture of potassium and sodium bromides 
Bromme compounds are largely used m medicine, photography, 
m the extraction of gold, the refinmg of platmum and in the 
manufacture of Prussian blue and potassium permanganate Bro- 
mme is now extensively used in the manufacture of d3'estufis The 
Umted States of America produce very large quantities of bromine 
The production is mainly from brmes and sea water salt works 
In Amercia the average yield of bromine is 36 lbs from 700 
gallons of bittern havmg a strength of 40°B 
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Kharaghoda Salt Worlts.* 

These works are near Kharaghoda — a village in the Yiramgam 
taluka of Amedabad District, Bombay, situated m 23'’ N and 71°, 
50°E on tbe border of the httle Eann of Cutcb Kharaghoda is 
about 24 miles to the east of the Kuda salt pans When Ahmeda- 
bad passed to the Bntish, the eastern shore of the httle Eann 
contamed 5 salt works m the possession of the petty chiefs 
of Bajana, Patn, Saolas, Dhegam and Jhmjuwada These were 
gradually acquired by purchase between 1822 to 1840, and were 
subsequently closed in 1875 m favour of a smgle factory at 
Kharaghoda These, however, proved unequal to meetmg the 
constantly increasmg demand for salt, and m 1881-82 new salt 
works were opened at Udu, which is six miles north of Kharaghoda 
and is connected with it by a hne of rails 

These works are jomtly named the Pntchard Salt Works They 
belong to the Government and are worked departmentally The 
groimd IS the property of the Government, and the salt is manu- 
factured on Government account by Aganas who are paid at a 
fixed rate 

The quality of salt manufactured at these works is known m 
the Presidency as Vadagra or Baragra salt Vadagra salt is a 
cubical crystal from half an-mch to a three-fourth inch in thickness 

• As Ntmaknagafv^ ill have to supply Barogra salt of the same quality or 
better than tlint made at Kharaghoda and as both the ivorkB drair their brine 
Itom the llann, a very close study of the Kharaghoda Salt "Worhs was made by 
personal vmts and bv examining Aganas in 1920, 1923 and 1924 Only such 
experienced men n ere selected as -witnesses Tvho had over 35 years working 
kno-wledgc of Kharaghoda IVbrks Further information was gathered from 
Government OBRcers at Kharaghoda and from the Annual Government Eeports 
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built of a number of smaller crystals In colour it ranges from pale 
brown to pure white The crystals in some instances arc very 
transparent but yellowish to gray m appearance The opaque 
crystals are whiter and grayish m colour A good quality of 
Vadagra salt is e'ttremely hard, and for this reason it is very much 
valued for transport over long distances The loss in the handling 
of Vadagra salt is considerably less than in the smaller conical 
sea salt 

Commencement of Work — Soon after the monsoon about 
the end of Bhadarva (August-Septeinber) if the monsoon is bad, 
or at the beginnmg of Ashav if the monsoon is good, information 
IS sent round by the Government to all the surroimdmg villages 
where Aganas have their homes, notifying the date on which 
apphcations are to be received and the date for the commence- 
ment of operations The Aganas must present themselves on 
the notified date The allotments are completed in about a week’s 
time, and thereafter the operations of the season actually commence 
Each pan is given under contract made out jointly in the names of 
three Aganas It is immatenal whether one or two of them are 
mmors or women There is no restnction on the number of pans 
worked by a single famdy provided there are three persons regis- 
tered for each pan As soon as the allotments are made the Aganas 
have to begm operations withm a week, but as a rule they start 
their work unmiaedtely the next day if their financial arrangements 
are complete The Aganas have generally no resources of their 
own, and they have to borrow money from money-lenders at the 
commencement of the season The Sowkars or money-lenders 
advance to the pan holders Es 45 to Bs 60 per pan to help them 
to begm work The rate of mterest charged by these money- 
lenders is very excessive Usually for sums upto Es 300 they 
charge 2^ annas per rupee per month (187 per cent per annum) 
For sums upto Es 800 to 1,000 at the rate of annas 3 per rupee 
per month (225 per cent per annum) This advance is made m the 
names of the three contractmg parties for each pan, and all three 
of them are jomtly held responsible for the loan and intetest 
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It IS very difficult to obtain satisfactory labour at salt works 
Men wbo know the work ask from annns 12 to one rupee per day 
of 10 workmg hours Food m provided to them by Agarias 
Unskilled labour is at annas 10 to annas 12 per day Women 
charge 8 to 10 annas and boys 6 annas It costs the Agaiia 
Rs 10 to 12 per month to feed a labourei 
Workmg Hours. — The Aganas work from 9 to 10 hours a 
day upto J^Iarch and only 8 hours in April and May when 
the da-v^ are very hot They generally begin work long 
before daybreak and work till about 8 They then lest for 
a couple of hours and then resume work at 10 again leave 
off work between 1 and 2 The work for the day is finished 
at 6 p m 

Wells — The first operation m which they engage is the diggmg 
of wells Three adult workmen take 7 to 8 days to sink a circular 
well 6 to 7^ feet m diameter to a depth of 18 to 30 feet according 
to the nature of the soil and until the brine stratum is obtained 
There are few wells over 7 feet in diameter About G feet is quite 
common Some of the wells arc broader at the bottom than at the 
top The interior of the well is encased (Kantvo) with Baval or 
Taniansk boughs to prevent the ndes from falling in. The 
“ Dlienkva ’’ or the superstnicture winch is made of boughs 
and wood resembling a long lever and attached to an 
upnght wooden post and weighted at one end is then erected 
at the side of the well in order to lift the bnne Two levers, for 
two men to, work at a time are provided to each “Dlienkva” 
Each lever has at the end a rope to which is attached an 
earthenware pot (ghendu) of about 168-176 ozs capacit}' These 
earthenn are pots cost at Kharaghoda half an anna per pot The 
total cost of the superstructure for drawing brine moluding Dhenkva, 
Kantvo, Ghendu, complete with ropes and all is between "Rs 15 to 
20 Dunng the construction of the well and its superstructure 
besides the contractor two other workmen called “ Dandias ” 
are engaged, making in all three workmen The Dandias are paid 
at the rate of Re 1 per day The Agaria has to pay for his food. 


s 
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which costs annas 6 e\tra per head The total ( ost of making a 
well is as follows — 

Ks 


1 Agaria Rs 1-8-0 per day for 8 days 12 

2 Dandias Rs 1-6 0 „ „ 22 

Kantvo, Dhenkva, Ghendii and other 

matenals 20 


Total 54 


There IS generally one w cU for each pan, but iihen the ells are 
made at great distances, either on account of the weak brine — under 
16° B, or the difhcultv of obtaimng a good current, the iiells are 
located at considerably long distances In such cases a distance 
from half to three-fourths of a mile is quite common Blien the 
wells are at along distance from the condenser, two to three wells 
are required for supplying sufficient bnne to one pan There are 
several cases in which 6 wells supply bnne to one channel one 
mile long and connectmg to tw’o condensers Though distant chan- 
nels help m rapidly concentrating the brine, there is a considerable 
loss of bnne by leakages and absorption The Agarias state that 
they have to draw for nearly two to three hours more every day to 
make up for this loss The loss by leakages is about 30 per cent 
Distant wells are qiute common at Kharaghoda, and the Govern 
ment has to pay a compensation every year for locating the wells 
at long distances as will be seen from the follow mg figures — 



Rs 

1920-21 

19,660 

1921-22 

21,696 

1922-23 

22 820 


The site for weUa is changed every third year For two consecu- 
tive years the well gives a good supply, hut m the third year it 
gives very little brme If another well is dug m close provimity 
of the old site, m some cases even within 10 feet the supply of the 
brme is normal 
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During tlie monsoon — floods the wells are filled up with silt, sand 
and clay, and as there is no protectmg wall over the well the well 
has to be dug out year after year It makes therefore no difference 
to the Agana whether a site for the well is new or old 

Condenser. — On the 9th day after completing the well the men 
engage m the construction of the condenser or reservoir called by the 
Aganas “ Ganidu The well is connected with the condenser 
by a slough or an earthen channel 9 inches to 12 mches vide and 

3 mches deep The length of the slough depends on the distance 
of the well from the condenser It takes three adult workers from 

4 to 6 days according to the nature of the soil to complete the 
reservoir Each leservoir is 80 ft by 80 ft with a low mud 
embankment or dike 16 mches to 18 mches high The ground 
IS first wetted -with brme drawn from the well and scraped till 
a good floor is obtained \vith a shght slope towards the pan The 
dikes are covered from inside with dry twigs or sods on which 
gypsum, as it separates from the brme deposits The height of the 
dike is kept 8 to 10 mches above the level of the brme to allow the 
play of the w aves The twigs also protect the wash of the waves 
After completing the dikes they begm fillmg the reser\’’oir ivith 
bnne It take^ three men nearly one full week to fill the reservoir 
to a depth of 5 to 6 mches If the well maintams a good supply 
of brme, two men ivork continuously m drawmg the brme The 
third man relieves alternately the other two A man draws from 
the w ell, m which the brme level is 10 feet below the surface, on an 
average at the rate of 10 pots or about 10 gallons per mmute, or 
600 gallons pei hour by contmuous working , but as they generally 
rest from time to time, the average lift is from about 400 to 500 
gallons per hour For a wortang day of about 9 hours the average 
per man is 3,000 gallons If the brine is continuously drawn for 
three to fours the well gets completely emptied and the men have to 
wait for 2 to 3 hours till the brme agam collects m the well The 
best jneld does not exceed 6,000 gallons a day of 10 hours ^^Tien 
the reservoir is newly constructed, a good deal of the first draw of 
brme (about 8,000 gallons) is lost m saturation of the soil, and it 
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takes about 6 days to bnng up the bnne level in the reser\o r to 
6 inches At the end of the sixth day the reservoir of G/lOO square 
feet area and 6 inches of bnne contains 20,000 gallons of brine 
The cost of constructing the condenser is ns follows — 



Rs 

ns 

1 Agana for 6 days at Rs 1-8-0 per dav 

9 

0 

2 Dandias „ „ „ 1-6-0 „ 

10 

8 

Twigs 

3 

0 

Bnne for saturation 

5 

0 

Spades, bamboos and wood pieces 

2 

8 

Total Rs 

36 

0 


Cost of Brine — Tw o men if they w ork continuously w ill 
draw 6,000 gallons in a day, but as tlie work m the smi is veiy 
fatigiung a thud man is always required to relieve alternately 
the other two men As each workman gets Bs 1-6-0 the cost of 
6,000 gallons would be Rs 3-12-0 or one anna per 100 gallons 
contaimiig about 190 lbs of salt The price of salt would on this 
basis done be 5 18 pies pet md 

The Pans or Crystalhsers — On the fifteenth day after the 
begmmug of the operations and after constructing the condenser 
the pan is laid out parallel to the condenser leanng a distance of 
6 feet between the two Formerly each pan was 250 feet in length 
and 80 feet m width, but at present the size of the pan is i educed 
to 250 feet by 70 feet The pans are placed lengthwise to the 
direction of the wmd m order to promote waves on the surface 
of the bnne The distance kept between two pans m a row is 50 
feet and 100 feet between two opposite rows A railway siding 
passes through the 100 feet track Three men are sufficient for 
the construction of the pan The work is generaU}'^ dimded into 
the foUowmg operations — 

(1) Clearmg the site and making the clay dikes 

(2) Puddhng and tampmg 

(3) Levelhng 

(4) Hardenmg and finishmg 
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The surface is first cleaned and weeds removed After tins a 
low dike about 12 to 15 lucbes lugli is built by scraping the dry 
earth- from the floor The ground is then wetted with bnne let 
m from the condenser thiough the small feeding chamiel As 
soon as the bnne is soaked, all iiTegularities are noted and a rough 
leveUmg is made Tins operation takes two days On the third 
day the bnne is again spread over the pan and allowed to dry diirmg 
the next two days llTule the surface is drymg the men are 
engaged m completing the side embanlonents or dikes (jibhta) 
On the sixth dnv the pan is roughly dixnded mto three parts for the 
purpose of tamping and puddling Each part is taken at a time 
and takes two days for tamping and puddlmg The men, keeping 
their heels at right angles slowly go over the ground in each section 
six times The operation m each case takes two days for three 
men taking in all 6 days to complete this operation On the 13th 
day bnne is again let in to a depth of one-eighth inch m order to 
finally adjust the level, lea\ung an imperceptable slope towards the 
farther end After adjustmg the level the brine is allowed to dry 
and once more all the irregularities on the surface are levelled out 
by the spade On the 14:th day the white crust of salt which is 
formed is treaded upon so as to embed it into the floor, and once 
more puddled till no impressions are formed on the soil The bnne 
IS allowed to dry and form the tmy culture crystals On the 15th 
day it IS once more irngated to a depth of a quarter inch„ the uater 
allowed to dry till a white mcrustation of the salt appears on the 
16th day The final process takes two days dunng which the fine 
crust of salt is tamped and puddled once agam till it is hard, dry 
and firm The ground is exposed to the sun for two days more 
On the 20th day it is exammed for its hardness, and if it is found 
that it is sufficiently hard and free from cracks, it is considered to 
be ready foi crystallisation The whole of the constructional work 
is finished in about 34 days from the commencement of the work 
for the uell 

Dunng the construction of the pan the condenser is constantly 
emptied and filled again, and this reqmres the servuces of 2 to 3 
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more men In all 6 men are engaged durmg this period The 
cost of constructing the pan works out ns follows — 




Es 

a 

Agana 20 days at Es 

1-8 

30 

0 

5 men ,, ,, ,, ,, 

1-6 

137 

8 

Implements 


4 

8 

Dry twigs 


8 

0 


Total 

180 

0 


The total cost of the layout is as follows — 


2 wells 


Es 

108 

Slough 


6 

Condenser 


36 

Pan 


180 


Total 

330 


This 18 a recurring expense and must be meurred every year 
Whether the site of the pan is new or old, it must be prepared 
every year on account of the annual floods which leave a silt 
layer over 4 mches thick As the total area of the pan is (260 feet 
by 80 feet) 20,000 square feet and that of the condenser (80 feet 
by 80 feet) the ratio of the condenser to the pan area is 1 3 Each 
set of condenser and pan requires (14+80+64-2604-60)=400 feet 
by (26+80+25)= 130, i e , 62,000 square feet, excluding the area 
occupied by the well and the slough 

Season. — The season begins in the third week of August when 
the allotments are made. 



Season 
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It takes a day or two over a month for the preparation of the 
well, condenser and the pan before the salt crop begins to form 
About the third neek of September the brine is first taken in and 
the manufacture continued for seven montlis During this period 
4 men aie required for each pan, three for dramng brine and one 
for rakmg and spade work About the middle of March they 
stop drawmg water at the w ells Five or six days after the w hole 
of the water from the condenser is allowed to dram into the pan, 
where condensation and crystallisation is allowed to proceed for a 
month till the mother liquor is on a level with the top of the crystals 
Working of the Pans — The Kharaghoda and Udu wells giie 
bnnes of varinng densities rangmg from 11° to 21° B In onlv a 
few of the wells the density is between 20° to 21° B The aierage 
general density of the bnne may be taken at 17° B m the begin- 
mng of the season and 18 at the end of the season 

Three men are required to work one well containing plentiful 
supply of brine but if the supply of brine is deficient in one well 
and another is required, the same men work the two wells alter- 
nately lYherever the wells are deep bullocks are employed to 
lift the bnne 


Year 

No of pans 
worked by 
bullocks 

Total No of 
pans 

Per cent 

1920-21 

254 

783 

32 

1921-22 

361 

845 

42 

1922-23 

402 

867 

49 


Thelinne, as it is lifted from the well is run through a channel 
mto a condenser where it is allowed to remam for nearly 10 to 12 
days in winter and 7 days m sprmg before it reaches a density 
of 23-24°B After the middle of Apnl and in May the evaporation 
IS so rapid that the bnne is let in very rapidly from the condenser 
A day at times is quite enough In any case the bnne must first 
settle m the condenser to deposit suspended impurities and cal- 
cium sulphate (Khanl "While it is m the condenser between 
18 and 24°B most of the dissolved calcium sulphate separates 
out and collects on the dry sods on the sides of the condenser 
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Great care is t^iken to remove gypsum deposited from tSe con- 
denser The feeding channel which is placed at the end away 
from the well, is covered over mtli dry sods through which the brine 
gradually passes into the pan The connection between the pan 
and the condenser is made ver}’’ small A hollow bamboo of 
three-fourth inch diameter is used as the pipe through which the 
brine constantly passes from the condenser to the pan Particular 
care is taken to feed the brine very slowly A rapid flow will 
lower the density of the saturated brine m the pan and thus nun 
the crop During dry cold wmtrv nights a thick dn’^ film forms on 
the surface This scum is removed everv mormiiK and not allowed 
to dissolve in the pan After the brine has reached a sufficient 
density, the hole in this pipe is made still smaller bv the insertion of 
one or two twigs The brine is flooded to a depth of 2 mches m the 
pan and this level is mamtamed till the brine reaches about 25 B 
and the salt crystals begin to appear For a week the levc’ of 
the brine is raised every day till the pan contains 4 to 5 mches 
of bime at the end of the first month Eight days after the first 
flooding of the pan, the men first enter the pan and break the crust 
of salt uhich vanes from ha’f to three-fourth inch This is done 
simplv by treading upon the salt first and then working the rake 
both ways along the length and the breadth of the pan until the 
cnist IS finely broken and the crystals are separated The rake or 
Dantara is 68 mches long, 4 inches in diameter and has 14 teeth, 
each tooth is 11 mches long, three-fourth mch broad at the end 
and 4 5 mches chstant centre to centre The handle of the rake 
IS j 5 mches long and 3 5 mches in diameter The spade or Pavdi 
IS 2 feet 10 inches m length and 7 mches mde The handle is 7 
feet long and about 3 mches m diameter The plank of tlie 
spade IS made of three-fourth mch thickness 
Thereafter the brine is continuously admitted during the 24 
hours till the end of the season Throughout the season the level 
of the bnne is kept about 3 mches above the level of the salt The 
salt IS raked the first day and spread out by the wooden spade the 
next day Thus the raking and the spade work alternate day 
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after day till tlie end of the season The raking takes G hours 
for each pan, but for the spade work it does not take more tlian 
an hour and a half As the season advances the 14 teeth of the 
rake are reduced to 8, and as the depth of the cr) stal increases, 
two men are required to draw the rake instead of one The raking 
and spade work are very labonous tasks One man can attend 
during the morning only to one pan , m the afternoon he spends 
his tune m helpmg the other two men m drawing uater Three 
men are thus reqmred to attend to one pan continuously dunng 
the season This procedure is specially adopted for obtammg 
Baragra salt crystal from half to three-fourth mch thickness 
The rakmg and spade work separates the mass and loosens the 
crystals which have a tendency to coalesce The loosened crystals 
thus get sufficient room for the growth of the separate crystals The 
density of the brme gradually rises to 26°B at which it maintains 
almost upto the end of the season When the condenser is finally 
emptied m the pan the density of the brme is 27 to 28‘'B, and at 
the end of the month when the level of the brme reaches the level 
of the crystal, and the mother hquor is ready to be discharged, the 
strength of the brine is about 28 — 29‘B The salt cr^'stal layer 
att^s a thickness of 7 mches at the end of the season 

Harvestmg — The Government notifies the date for the closmg 
of the season From this day the Aganas begm to collect the crop, 
and pile it mto long ndges inside the pan m order to drain out 
the bittern They make six ndges m a pan , the distance kept be- 
tween two ndges bemg 10 feet When the ndges are complete, 
the level of the bittern is 3 6 mches over the floor for every 7 m- 
ches of the thickness of the crop Outside labour is required for 
makmg these ndges Generally a gang of 60 men fimsh the work m 
about 6 to 6 hours Each man is paid for this work at the rate 
of As 12 to Rs 1-4-0 accordmg to the thickness of the crop The 
cost of making the ndges is between Rs 46 to 76 per pan The 
Aganas have to make cash payment for this labour The ndges 
are allowed to dram for ^three days During this time the three 
Aganas or contractors dram out the brme from the pan and scrape 
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up the floor with their spades till the floor is practically free from 
bitterns and a clean surface is exposed When tlie ndges have 
completely dramed out the harvest is ready to be hfted On tlie 
4th or 5th day after the ndges are made, a gang of 300 men is 
engaged for the day in one pan to gather the salt and to stack it near 
the rail at one end of the pan The number of men depends upon 
the quantity to be lifted The payment is made at the rate of 
5 to 7 annas per man per “ Kadam ” of 6 feet There are 50 Ka- 
dams m a ndge, and as there are 6 ndges, 300 men are reqiured for 
liftmg They finish the work in 6 to 6 hours The salt is earned in 
baskets by men, women and boys to the end of the pan where it 
IS to be loaded into wagons Hand trolleys were tned, but the 
Agarias prefer the baskets For the trolley work thev can only 
employ men strong enough to drag the trolley They can however 
employ women and boys if the salt is removed by baskets The 
300 men are paid at the rate of 5 to 7 annas per Kadam-— 
and the total cost to the Agaria to bring the salt to the rail 
per pan amounts to from Es 120 — 150. 

The Agana’s work ends with the stackmg of the salt by the 
side of the rails He has to keep a watch tdl the salt is loaded mto 
the wagons When the heaps are fairly dry, the open wagons are 
brought alongside the pans and the Aganas are asked to load the 
■wagons For loading in the wagons they are paid by the 
Government at the rate of As 14 per wagon load of 180 
mds , 1 e , about As 2 per ton or a fraction over a pie 
per maund From 1923 the average load per wagon is 
fixed at 150 mds Each pan reqmres 30 wagons of 7 tons to 
take its entne crop to the stack The weight of the salt for 
which the Aganas have to be paid is determmed by taking the 
difference in the weights of the loaded wagon and the tare of the 
wagon. Each rake of empty wagons is weighed over a weigh 
bndge several times durmg the storage operation and the weight 
of the full wagon is also determmed From the net weight thus 
obtained five per cent is deducted for dryage, shortage m handling, 
etc The Agaria is paid for only 95 per cent of the net weight. 
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As soon as the payment is made to the Agnrm, the money- 
lender immediately takes back Ins ad\anccs until interest This 
completes the Agana’s ivoik Before returning to his village the 
Aganas lease their rakes, spades and the superstructure of the 
veils and wooden implements into a pit near their pans and cover 


them up for use 

during the next season 



Yield of Salt 



Average yield 

Maximum yield 

Year 

per pan 

, per pan 


inds 

mds 

1919-20 

4,821 

13,000 

1920-21 

6,315 

13,832 

1921-22 

4,883 

11,920 

1922-23 

6,283 

10,728 

Average 

6,326 

12,370 

As each pan 

IS 250 by 80 feet = 20,000 square feet, the yield 

per 100 square feet is as follows — 



Per lOi) sq 

ft Ptr acre 


mds 

mds Tons 

Average yield per pan 26 5 

ll,68i 429 

Maximum yield per pan 61 8 

27,263 1,000 


Cost of Production 



From the beginnmg to the end of the season the total expenditure 
per pan is as follows — 

Rs 

Construetion of well, condenser and pan 330 


Five months labour — 

1 Agana at Es 1-8 0 228 

2 DEindias at Rs 1-6-0 4-18 

Makmg ndges 50 

Stackmg near pan 130 


1,166 

Add for mterest on borrowings 200 


Total Rs 1,366 
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The total wages paid dunng five months may be apportioned 
as follows — 

Rs 

Bnne “100 

E along and spade work 200 

General care and supervision 50 

650 


If the Agana can obtain contractors to draw water they voll- 
mgly pay for 4 months woik (not 5) from Es 150 — 200, but it is 
difficult to get such contractors 

Agarias’ Earnings. — Of the above sum of Es 1,156. the Aganas’ 
actual out of pocket expenditure is about Es 700 for outside labour 
and implements to this must be added his own expenses for food 
and hut about Es 100 plus mterest about Es 200, making a total 
of Es 1,000 As the rate fixed by the Government is 2 as and 
9 ps per md the Agana will just balance his accoimt if the crop 
raised is 5 600 mds If the yield is imder this he will be a loser 
As a fair outturn is reckoned by the Agana at 5,500 mds . he 
hardly makes any profit out of this occupation The onh’’ induce- 
ments are that of gettmg a job m non-agncultural season and the 
hope of earnmg a good sura by working for a yield larger than 
6,000 rads He however, still makes a small profit by employing 
members of his own family (wife and children) and thus makes a 
saving in v ages and mterest, but it must be pointed out that as 
the fixed rate paid b}- the Government, viz , 2 as 9 ps hardly 
leaves any margin of profit to the Agana, it must be taken as 
the actual lowest cost of manufacture 


Cost of Salt to Government. — The Government paid m the 
1919-20 season at the rate of as 2 per maund and. in 1920-21 the 
rate was increased by 9 ps per raaiind, t c , at. 2-9 per maund. 


Year 

Tolnl rroj* 

Total 

nTnouTit 

Tl- 

Xo of 

Xo of 
npan 

ns 

1 

, Xo of 1 
IngBnns 
])or 
]mn 1 

Rfccipt 

l«;r 

heaJ 

Rs 

.•\tnonrt 

Ptr 

pan 

1 Rs 

ih.'O >1 1 

4a,44,7<.2 

) 6 49 702 

iHgll 


wm 

1(r2 1 

1 1,081 

22 1 

4 1,2 7.7 71 

1 7.09 1 1 1 




179 ' 

1 819 

1922 21 

47.27,101 

1 7,7S 090 

mm 

mm 


197 

914 
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Advances by Government — The Government advances per pnn 
about Rs 60 as Tagavi grant in January (Posh) ancl "Rs 30 per 
pan m March (Fagan) during the collection of salt These suras 
are deducted from the sums paid at the end of the season 
Grants to Aganas — The followmg grants are made every year 
as necessity arises — 

A Compensation for damage done by untimely ram 
B Workmg pans at great distances from the wells 
C Assistance to Aganas m heaping salts and clearmg pans 
D Bonus for increased output 
E Prizes foi good quality of salt 

F Rewards as an inducement for commencing work early 
Rs 15, 12 and 9 per pan according to the date notified 
G Reward for preparation of good pans and channels 
H Pugns to Aganas and Patels for givmg a good load m 
wagon m the haulage 


The following grants were made under the above headings — 



1920-21 

1921-22 

1922-23 


Rs 

Rs 

Rs 

A 

22,396 



B 

19,660 

21,695 

22,820 

C 

4,500 

5,292 

4,422 

D 

4,026 

6,991 

6,508 

E 

400 

400 

400 

F 

6,282 

4,005 

6,165 

G 

150 


Other Grants — Besides the above advances and grants the 

Government pays eVery year for 

vanous other 

purposes 



1920-21 

1921-22 1922-23 

Provision for quarters 


7,800 

4,262 4,396 

Resconstruction of quarters 

Excess amount for a school house 

113 

4,396 

Repairs to quarters 


45 

90 136 

„ „ plank road and trolleys 


849 


Compensation and Royalties to vanous 
States whose nghts of manufacture 
of salt are taken over by the Govern- 
ment 
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Storage — The storage of salt commences in April at any time 
durmg the 2nd or 3rd week according to the early or late 
commencement of the season or the prevailmg winds The whole 
of the salt is stacked before the 15th of June Durmg the 4 years 
under review the salt was stacked as follows — 

1919-20 1920-21 1921-22 1922-23 
Maunds per day 65,300 78,450 82,515 85 400 

Number of working days 52 63 63 53 

The salt is stacked partly in closed stores and partly m the open 
The closed store is a long building, dunded into 8 compartments 
■With a clear height of 21 feet for the salt stack The wagons are 
led up an mclme over the stores The rails are supported by 
wooden tressels and masonr)^ pillars When the wagons are in posi- 
tion the side flaps are opened and the salt dropped mto the store 
The closed store holds about 440,000 maunds A contmuation 
of the incline was made durmg recent years for pihng the salt in 
the open These open stores are surrounded by a high palisade , 
the flooring being made of masonry Each stack m the open is 
made for 5 8 lakhs of maunds There are six such stacks, makmg 
a total provision for storing m the closed and the open stores for 
42 lakhs By the side of these stores there are other heaps about 
60 feet at the base and 30 feet at the apex The angle of repose 
being 36°, one cubic foot of salt w'eighs 62 5 lbs or for storing one 
ton, 36 c ft are required 


Cost of Storage. 


1919-20 

Rs 

Ckistper lackmds or3 673tons 511 

As ps 

Cost per ton 2 3 


1920-21 

1921-22 

1922-23, 

Rs 

Rs 

Rs. 

612 

676 

932 

As ps 

As ps 

As ps 

2 5 

2 11 

3 11 


Loss and Wastage.— Considerable quantity of salt is lost or wasted 
by handling and m storage The losses are mainly due to 

(1) In open stacks earned away by wind and cyclone 

(2) Ram dissolves and washes out a considerable quantity 
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(3) Kam and moisture in the nir remove a gooil quantity 

of magnesium chloride and along with it some salt, 

and moisture from the wet salt 

(4) Differences in actual weighment and qiiautitv determined 

by measurements of the stack 

(5) Inaccuracy in weights on weighing the nagons on the 

weigli-bridge 

In the closed stores the annual loss and wastage is generally 
shown at 3 6 per cent as against a loss of 10 6 per cent m the open 
stores It must be noted that the total loss m storage is not entire- 
ly borne by the Grovernment It was pointed out that the Agaria 
18 given a short weight — 5 per cent less than the net weight in 
order to make up for drainage and handling 

Production of Baragra Salt — The total year!}' production of 
Baragra salt at Kharaghoda is given in the following table nhich 


also shows the 
Presidency 

total quantity of 

sea salt 

produced m 

Production 

OF Salt in the 

Bombay ! 

Presidency 


Baragra Salt 

Sea Salt 

Total 


Mds 

Mds 

Mds 

1919-20 

33,95,926 

91,09,129 

125,05,054 

1920-21 

49,44,762 

90,72,481 

140,17,243 

1921-22 

41,25,766 

79,19,990 

120,45,746 

1922-23 

45,27,110 

110,06,631 

155,33,741 


Packing and Forwarding — Dimng the storage of salt, parti- 
cularly m the open store, the salt crystals on the surface and far 
inside harden very firmly The surfaces exposed to air are so hard 
that they cannot be broken by pickaxes In some cases they 
have to blow the sides with powder In the closed stores the 
stacks keep better and no such trouble is experieneed Loose 
salt IS then removed by manual labour, bags filled, weighed and 
loaded mto wagon The weights of the filled bags are kept 
umform Each bag holds 3 maunds and is legibly marked with 
consecutive numbers 
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Sales.— Sales axe efiected by indents received from traders 
The charge payable is fixed by the Glovernment This sale price 
is made up of . — 

(1) Cost price fixed by the Government under Section 8 

of Indian Salt Act, 1882, which mcludes cost price paid 
to Agana plus Ground Rent at nme pies per maund and 
haulage charges, also nine pies per maund The 
haulage charge mcludes the loadmg of salt mto wagons 
at pan, haulage and stackmg charges 

(2) Digging, baggmg, weighmg and sewmg charges, three 

pies per maund 

(3) Duty, Rs 2-8-0 per maund. 

(4) Cost of bags, nme annas a bag of three maunds This 

charge is not compulsory , the trader may supply his 
own bags 

On payment of these charges the permits are issued for despatch. 
The freight is payable by the trader The bags are despatched m 
closed wagons Baragra salt is sold through agencies at which 
a imiform charge is made This charge is made up of (1) the 
selhng pnce at Kharaghoda plus (2) a certam rate for haulage to 
the Agencies The Agents receive one per cent on the sales and 
are allowed one per cent on the amount of salt issued to them 
on account of wastage The sale price is made up as follows — 

SeUing Price at Kharaghoda. 


Cost pnce 

Per maimd 
Rs a. p 

0 2 9 

Ground rent 

0 0 9 

Haulage charges 

0 0 9 

Diggmg, weighing, sewing, etc 

0 0 3 

Duty 

0 4 6 
2 8 0 

Total 

2 12 6 


c 
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The selling price at Agencies — 

Es a p 

Selling price at Kiaraghoda 2 12 6 

Haulage, 4 to 6 pies 0 0 G 

2 13 0 

Plus Agency commission and shortage 0 0 6 

Total 2 13 G 

The extra charge of six pies on account of commission and 
haulage is mtended to meet the cost of distribution But this 
figure does not in any nay represent the actual net cost price as 
■wfil be shown later on 

Sales of Baragra Salt 



Quantity 

Sale proceeds 

Ente per 


Mds 

Es 

md 




As p 

1919-20 

26,81,185 

8,41,303 

5 0 

1920-21 

34,70,972 

16,43,081 

7 7 

1921-22 

24,26,138 

4,06,896 

2 8 

1922-23 

19,04,905 

6,43,048 

5 3 

The average 

sale price during the last four years 

13 6 as 1} pies 

Administration Charges — To 

detemune the 

actual net cost 


pnce for at the stores, the overhead or adnunistration charges 
must be added to the cost pnce of salt In the annual reports 
the percentage charge shown on gross receipts (which mclude the 
duty) is shown from year to year as under — 



Es 

a 

P 

1916-17 

13 

3 

6 

1917-18 

16 

0 

0 

1918-19 

15 

9 

2 

1919-20 

18 

7 

8 

1920-21 

16 

13 

2 

1921-22 

33 

8 

8 

1922-23 

44 

6 

0 
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As these figures give no indication of the actual cost of adminis- 
tration per maund, the following tables have been prepared from 
the annual reports to determine the required figure as near as 
it 18 possible to do so 

Net Ejqienditure of the Salt Department. — lu the Govern- 
ment annual report the total expenditure given for salt is mclusive 
of the expenditure debitable to excise The net expenditure debi- 
table to salt IS made up of {A) “ net nine-tenths debitable to salt ’’ 
as shown in the report plus (B) amount paid for salt purchase and 
freight and (C) expenditure of the Chief Account Office 



A 

B 

C 

D 


Rs 

Rs 

Rs 

Rs. 

1919-20 

21,81,621 

6,81,527 

37,259 

22,18,780 

1920-21 

24,33,951 

6 91,018 

46,364 

24,79,315 

1921-22 

24,20,431 

10,70,543 

60,550 

24,80,981 

1922-23 

23,54,380 

10,17,719 

59,296 

24,13,676 


From the above table the net cost of the administration of the 
salt department is obtamed by addmg the figures of A & C columns 
as given m column D The amounts m column A mclude all items 
of expenditure of which the followmg are the mam heads — 

Per cent 


Pay including supervismg estabhshment 66 

House rent, travellmg expenses, etc 10 

Special allowances' (including Kharaghoda) 6 

Contmgencies and miscellaneous 20 


Cost of Administration per Maund — This is worked out from 
the total salt produced and the total expenditure given m column 
D of the preceding table 


Year. 

Total Produc- 

Total Expendi- 

Per 

tion. 

ture. 

Maund 

1919-20 

Mds. 

Rs 

As ps 

12,605.054 

22,18,780 

2 11 

1920-21 

14,017,243 

24,79,315 

2 10 

^921-22 

12,046,746 

24,80,981 

3 4 

1922-23 

15533,741 

24,13,676 

2 6 
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The average cost of admiruEtration is thus 2 annas 11 pies per 
maund 


Net Cost Price of Salt 

Per 
Maund 
As ps 


Cost price paid to Agana 2 9 

Loading wagons at pans, haulage to stores and stacking 0 9 
Digging, fiJhng, weighing, sewmg and loading into wagons 

(price of bags not included) 0 3 

Ground rent 0 9 


4 6 

Add overhead administration charges 2 11 


Total cost pnce 7 6 


It seems from the annual reports that the Govemmerit is accept- 
ing tenders at five annas per maimd whereas it actually costs them 
seven annas and five pies It must be noted that 7 as 5 ps is 
again not the proper commercial cost pnce To this must be added 
depreciation of railway trucks, renewals, repairs and mterest on 
Capital invested m Buddings and Stores about Us 30 lakhs and 
also mterest on Capital looked up for Reserve Stocks and on 
yearly wastage and shortage of salt in storage 

Markets for Baragara Salt — Baragara salt has not heen able 
to stand m competition with sea salts m places south of Baroda 
Between Mahi and Narbada rivers, both the salts are sold but north 
of Main it IS the only salt consumed by the people m the Bntish 
temtoiy and partly m Kathiawar Beyond the Presidency it 
enters mto competition with the salts of Bajputana Central India 
North-West Provmces and Umted Provinces, as far as Hathras, 
Paizabad, Benares and Chotta Udaipur 
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Distribulion of Baragara 

Salt. 


Per cent 

Bombay Presidency 

31 

Central Pro^unces 

27 

North Western Pro\mces 

20 

Central India, Eajputana Malwa 

22 


Manufacture of Magnesium Chloride at Kharaghoda — Till 
1915 the mother liquor or bittern, locally known as ‘res’ was wasted 
During the war Indian imports of magnesium chloride from Germany 
having stopped, attention was drawn to the possibility of making 
use of the bitterns at Kharaghoda as a possible source of magnesium 
chloride A small experimental factory was put up in 1915 in 
Ahmedabad for the recovery of magnesium chloride from the bit- 
terns V luch were sent in tanks from Kharaghoda A company was 
formed in the name of the Pioneer Magnesia "Works The Com- 
pany acqmred on lease 20,000 sq yards from the Government 
for the purposes of factory buildmgs, workmen’s quarters and the 
drum plant After the pans are emptied, the bitterns are allowed 
to further concentrate m the fields by solar evaporation tiU they 
reach a density of over 34 to 35'’B Before the bitterns reach 
this density various other salts are precipitated along with residual 
salt left m solution after the bulk is gathered m the pan The 
bitterns of over 32°B are then collected at the pans by means 
of a motor rad wagon with a special tank attachment 

The plant consists of settlmg tanks, vertical boder, feed pump, 
suction and several copper pans , all except the tank are located 
in one bmlding 

Settbng Tank. — The bitterns from the salt works were first 
brought in drums of 4 gallons capacity and emptied into a tank 
15' X 15' X 6' The new tank was biult in 1917 lined with Shahabad 
limestone This tank is 40'x40'x6' and is designed to receive 
5G,000 gallons of bitterns The bittern is allowed to settle for some 
time till all suspended impunties settle down MTien it has settled 
to a fanly clearly hquid it is syphoned over into another tank 
lO'xS'xS' deepforfurthersettbng These two tanks are in the 
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open l?rom the second pan the clear bnnc is pvimpcd into the 
tank inside the factory This tank has a iiell of 2' diameter in 
■which is lowered a suction pipe which feeds the copper pans 
Process — There are 10 kettles made of copper sheets Each 
18 3' deep, 3' in diameter and of plate The kettles are mounted 
in 2 rows on a furnace fired by flue gases Either wood 
or coal IS used as fuel The copper kettles iierc first 
mounted on an old type of bnckwork in iihich there Mas 
a considerable loss of heat The design was subsequent!} 
altered with a view to lower the cost of fuel The bittern 
IS pumped m these kettles and boiled to 133° C till a precipitate 
IS obtained MTien the mass develops a turbid appcamnce, the 
contents of the kettle are ladled out into a settling tank 
outside the bmldmg and allowed to remain there at 120’ C Mag- 
nesium chloride remains hquid at this temperature This tank 
IS 60' X 30' Dunng the process Epsom Salt MgSO^T H 0 looses 
water and forms kiesente MgSO^H^O which is insoluble lu a solu- 
tion of magnesium chlonde This magnesium sulphate and also 
some salt separates out at the bottom and the supematent liquid, 
while still hot, 18 poured mto sheet iron drums, each holding 5 
cwt of fused magnesium chlonde The chloride on coohng 
sohdifies to a hard grayish mass The hard sludge which is re- 
moved from the setthng tank is not made use of, but is treated as 
waste Two -tons of bitterns are said to gi\e on an average 1 ton 
of magnesium chlonde The daily production is about 10 tons 
Eorty workmen are required at this factory The workmg hours are 
from sunrise to sunset — about 11 hours Dunng the monsoon 
the factory stops working for 4 months 
The magnesium chlonde made at this factory compares well 
■with the German quahty in chemical analysis, but there is one 
drawback, viz , colour This factoiy’s product is of a grayish 
colour No method has yet been found for remo^ving this colour The 
colour of the crystal is pure white, but on fusion the gray colour 
invanably returns The Company has tried to solve this difficulty, 
but it has not so far succeeded m puttmg on the market a perfectly 
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white magnesuim chloride similar in appearance to the German 
article, which is once more in the market at very low prices 
Durmg the first year of the factory the Government charged a 
royalty of annas 8 per cwt , latei on this was increased to Es 1/8 
per cwt On the Company’s representation this was agam revised, 
in January 1923, and a shdmg scale fixed on a profit 
sharmg bases wath retrospective effect from 27th February 1922. 

Production — The production of the factory is shown m the 
following table, which also shows the miports and their value — 

IsrpoRTS & Indian Production or Magnesiui.i 



Chloride 


Sales of 


Imports 

Elharaghoda 

Year 

Tons 

Value 

Production 



Rs 

Tons 

1914-16 

2,705 

3,00,570 


1915-16 

3,563 

9,33,075 


1910-17 

1,067 

2,81,355 

838 

1937-18 

1,185 

2,90,955 

1,181 

1918-19 

Not available 


1,970 

1919-20 

848 

2,27,397 

1,647 

1920-21 

2,929 

8,39,210 

1 171 

1921-22 

2,330 

4,49,680 

1,099 

1922, April to 

1,510 

1,89,740 

000 

July, 4 months 
1922-23 



638 


Note — Import figures for tlio jears preceding 1014-15 are not a\nilable 

The labour at this works avciaged about 100 men Upto July 
1922 the Government has received over 2] lakhs undei royalty 

Closing of the Factory. — The factory has unfortunately been 
obliged to close down owing to the severe competition with foreign 
(pnncipally German) imported magnesium chlonde. Before the 
war German quality was sold between Rs 3 and d per cwt. At 
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the present time (December 1923) the prices of imported material 
are as under — 

Cj f quotation £3 per ton, 46 per cent solid fused white made 
in Stassfurt and packed m 5 to 6 cwts strong iron drums 
This c 1 f quotation is made up as follows — 

£ B d 

1 2 0 for freight 

0 6 0 msurance, shipping <fe landing charges 

0 12 0 Agents commission and factory to port 

expenses 


2 0 0 

Bombay quotation Es 3-8 per cwt This leaves to the manu- 
facturer £1 per ton for the material including packing in 6 cwt 
drums When competition was very keen and the German stuff 
was dumped on the market, the lowest quotation u as Es 1-8 per 
cwt The Pioneer Company is not m a position to make any profit 
by sales under Es 4-8 per cwt The chief drawbacks are — 

(1) Cost of the drums The Company’s drums are made of 

thicker sheets than those used for Stassfurt chlonde 

(2) Eailway freight from Kathiawar to Ahmedabad and 

Bombay 

(3) Eoyalty payable to Government 

(4) Heavy cost of manufacture owing to open pan boihng 

and heavy replacement of copper pans which require 

constant renewal One pan lasts hardly a year 
Refined Salt — By the side of the magnesium chlonde factory, 
the Company built m 1921 a refinery for the production of refined 
salt Baragara salt is first dissolved, and then after a prehmmary 
treatment for the removal of magnesium and other impunties, it 
IS concentrated m shallow open pans which are fired from imder- 
neath The refined salt is fairly good m quahty and stands m com- 
petition with the best imported table salt , its production durmg the 
last two years was m 1921-22 1,333 maunds , and 1922-23 4,523 
maunds 
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Water Supply. — Considerable difficulties were expenenced in 
supplying fresli water for the town and the Agarias till a boring was 
made in August 1915 There is a large tank which used to supply 
water for all the general purposes , but the tank very often became 
dry du ring the years of scanty ram The artisan weU is of 8 inches 
bore and draws water from about 317 feet below the surface The 
water comes out continuously without pumpmg at the rate of 6,000 
gallons per minute when the valve is fully open, but as so much 
water is not required the valve is partially closed to give about 
360 gallons per mmute Even this quantity is far m excess of 
the requirements and over two-thirds of it runs to waste m 
fields and ponds The pumped up water overflows m a 
small shallow tank to the south-west where it is used for 
washmg and for watering This water is also largely used by the 
cattle of the neighbourmg villages From the bore hole earthen- 
ware pipes are laid out all over the salt works, and the Aganas 
have to pay a charge of Ke 1 per pan for the season of seven 
months 

Welfare Institutions. — ^Besides the Administration offices the 
Government maintains a school, a dispensary, a hbrary and an 
hospital They have also a club for the officers A suggestion was 
made in 1920 for a Co-operative Credit Society for the betterment 
ofthe Aganas by reducmg their perpetual heavy mdebtedness, but, 
as vas naturally expected, the formation of a Co-operative Society 
amongst the Aganas was not found feasible, and the reasons given 
u ere the great ilhteracy, univillmguess to contribute m the share of 
the initial capital required for the starting of a society, mutual dis- 
trust, and the consequent hesitation to stand secunty for each other 
It was decided, however, to start a society among the Government 
servants and thus gradually famihanse the Aganas of the advan- 
tages of a co-operative society 

Population. — The population in Kliaraghoda vanes between 
3,000 to 3,500 Considenng this number it wiU be mterestmg to 
note that the number of patients treated annually at the dispen- 
ary is over 5,000 of which one-fifth is for raalana 
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Chemical Composition of Bnnes, Bitterns and Salts 
Kharaghoda Bnne. 


Sodium Chlondc 

Per cent 
14 G7 

hlagnesium Chlonde 

4 G3 

Magnesium Sulphate 

0 48 

Calcium Sulphate 

0 44 

Potassium Chlonde 

0 41 

Calcium Carbonate 

0 01 

JIagnesium Bromide 

0 07 


There are se\ eral other reports and records of anal) sis of Khara- 
ghoda bnnes, bitterns and salts, but the best and most rchable 
information on this subject is contained in Sir James Dobbies’ 
Report I am obliged to Mr R D Bell, Director of Industnes, 
Bombay Government, for his courtesy in grnng me the necessary 
pemnsBion to make use of this very interestmg and useful report 
which I am giving below in extenso 
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SCIENTIFIC & INDUSTRIAL RESEARCH DEPARTilENT. 


16 AND 18, Old Queen’s Street, 
AVest^unster, S AV 1 

October 1920 


Sir, 

I am directed to lefer to your letter (R and S 3609 /1918) of Aprd 
8tli, 1919, and to subsequent correspondence, and to mform you that 
the Government Chemist has forwarded to this Department a copy 
of his report upon the examination of samples of brmes, salts and 
bitterns from the Government Kharaghoda Salt AA^orks, Rann of 
Cutch, India 

Perusal of Sir James Dobbie’s rejxirt indicates that the samples 
of brines and bitterns collected m accordance with his directions, 
contain such quantities of potassium and bromine compoimds as 
warrant careful consideration of the possibihty of extractmg these 
valuable by-products on a technical scale Thus the five bime 
samples contained, on an average, 1 9 grms and 0 85 grms per htre 
of potassium chloride and magnesuun bromide respectively, the 
three samples of bitterns showed an average content of 3 77 grms 
of potassium chloride aud 8 2 grms of magnesium bromide per htre. 
The Kharaghoda distnct from which, it is imderstood, 100,000 tons 
of common salt are obtamed annually, represents but a very small 
proportion of the whole area of the Rann of Cutch, further, portion 
of which may be found on survey to yield considerable quantities 
of salt The figures given above, considered m the light of the 
present (and relatively small) output of salt and of the potentially 
great futme output, appear to indicate that the valuable bv-pro- 
diicts potassium chloride and magnesium bromide are obtainable 
in very considerable quantities in the Rann of Cutch. It is further 
to be noted that the brmes and bitterns from Kharaghoda yield 
considerable quantities of magnesium chloride, a substance possess- 
ing important industrial uses A careful chemical survey of the 
District may possibly peld evidence of the presence of other com- 
mercially valuable matenals in workable quantities 
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In reference to the chemtcal potentialities of the Kharaghodn and 
neighbouring districts, the following e\tract from the Report of the 
Chemical Service Committee (Simla 1920) page 60, is of interest — 
“ It IS no less urgent m order to prorude adequate data 
for the bureau of mformation, that steps should be taken in 
the immediate future to commence a chemical siir\ ev of non- 
forest lands For example, little or nothing is known of 
the vast salt deposits at Kharaghodn, and one of the first 
duties of the Director of Research appointed to the Bombay 
Presidency should be to erect a sub-station m this district 
and to subject the area to thorough investigation by a 
staff of skilled chemists m order to determine its industnal 
importance ” 

The evidence reviewed above suggests that the supplies of the 
raw materials mentioned are on such a scale as to n arrant the 
expectation that their development will be found desirable In 
these circumstances, I am directed to suggest that you may wish to 
consider whether, pending such action as may be taken upon the 
Report of the Chemical Service Committee, tests upon a scale larger 
than a laboratory operation (“semi-large scale ”) should 
immediately be put in hand in order that more exact mformation 
may be available when it is found possible to proceed further with 
the question 

I am, etc , 

F G OGILVIE 

The Secretary, 

Revenue and Statistics Department, 

India Office, St James’s Park, S W 1 

GovERisraiENT Laboratort, Clement’s Inn Passage, Strand 

London W C 2 
September 1920 
Sir, 

Ref No Revenue R A S 2587-19 and R AS 3172-19 

With reference to your two letters of May 1919, the samples of 
brme, salts and hquors from the bitterns were received m Apnl 
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last and have been exammed as desired The results of the 
experiments are given in the enclosed report, from which it wdl be 
seen that there is good ground for beheving that the brmes may 
form important sources of potash as well as bromine 

The subject is desemng of fuller mvestigation and the services of 
this Laboratory are at your disposal m the matter. 

I am, Sir, 

Your obedient servant, 

J. CONNOR 

The Under Secretary of State for India, 

Revenue Department, India Office, S W 1 

Report of the anahJS^s of brines, samples of bitterns and salts 
fiom the Rann of Cntch 

The samples which were received on April 14th, 1920, consisted 
of SIX bnnes marked 1 to 6, Lab Nos JLsc 28, 30, 32, 34, 36 and 
38 

Four bitterns marked 7 to 10 Lab Nos Misc 40, 43, 44 and 47 
Six salts (sodium chlonde) marked la, 2a, 3a, 4a, 5a, and 6a, 
Lab Nos ;Misc 29, 31, 33, 35, 37 and 39 
Four salts (magnesium chloride) marked 7a, 7b, 9a and 9b, 
Lab Nos jMisc 41, 42, 45 and 46 
One “ crystals ’ marked 11, Lab Nos j\Lsc 48 
One “ sludge ” marked 12, Lab Nos jMisc 49 
Samples Nos 32 (bnne 3) and 47 (bitterns 10) were broken in 
transit to the Laboratory and the contents lost although some 
crystals remamed m No 47 These m ere scraped out of the bottle 
and weighed 6 ozs On analysis they proved to be magnesium 
chlonde contammated with small amount of magnesium sulphate, 
sodium and potassium chlorides and contained bromme amount- 
mg to 0 37 per cent 

Samples Nos 43 and 44 (bitterns Nos 8 & 9) had deposited 
crystals probably dunng the journey to this country In each case 
they were filtered ofi, drained at the pump, weighed and analysed 
The crystals from bitterns Nos 8 weighed 8 0 ozs and proved to 
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be magneaivun cbloridc vcrv similar m composition to those scrap 
ed from the broken bottle from iiliich bitterns Jfos (10) lind been 
lost, but containing a shghtlj' greater amount of brommc namely 

0 47 per cent 

The crystals from bitterns (No 9) weighed 1’ oz® and nerc 
totally diSerent in character Thej uerc crude carnallite (i c , 
magnesium potassium chloride, Mg Cl„ KCl, CH.O) containing 
20 per cent of potassium chloride and, except tliat they contained 
less magnesium sulphate, were xcry smular to sample No 18 
(crystals II) nhich formed in the side of the bitterns storage tank 
to which reference is again made belou (see tables 7 and 8) 

Sludge No 12 was filtered and drained as far as possible at the 
pump 

The sohd portion weighed 17 ozs but still contained adheniig 
hqmd It is substantially a mixture of one part of crystallised 
magnesium chloride and three parts of kiesente (i c , magnesium 
sulphate of composition MgS 04 HjO) and is shghtly alkaline omng 
to the presence of magnesium hydroxide It contains 0 14 per cent 
of bromine and small amounts of sodium and potassium chlorides 
The hqmd portion weighed 6 ozs and had a specific gravity of 

1 344 and except that it contams less bromme (0 47 per cent ) it is 
smular in composition to bitterns No 8 

The foUowmg table shows the results of the analysis of the 
samples which arrived mtact — 



Table I. 

■Rksult's o^ Tnr Av^ivsis oi Kiivn^niiODv 
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Totilwlith 17 00 105 78 26 20 ■J20 05 22 07 207 82 10 0) 220 70 18 10 208 

Walor l>v (lilTorcneo 82 01 7) 71 77 I ) 80 )7 6 1 81 

Sp OratOO^F. 1 III 1 220 I 181 I 17.1 I IH 

















Table n. 

Tho results shown In Table I for brines mny )>o otplamwl aa follows 
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Total solids 
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Table IIL 

Results of the Ahaltses of BIITEK^s — 7, 8 asd 9 


Hark 

7 

8 


9 

Inb Ml-c 

40 

43 

44 


Per cent 

Gnus 

Percent 

Grms 

Percent 

Gnns 


bj art 

pcrlltrc 

ba art 

perlltre 

by art 

perlltre . 

Calcium (Ca) 

Jlasnc'Ium (M^) 

8 09 

100 57 

8 00 


0 00 

7 73 

0 78 
101 21 

feodlum (Sa) 

0 32 

4 f**? 

0 19 

2 50 

0 60 

6 55 

Pota«s|nin (K) 

0*07 

0 02 

0 05 


0 33 

4 32 

Iron (Fc) 

(lilorinc (Cl) 

21 OS 

285 59 

0 02 
25 11 

RHia 

21 61 

282 94 

Dromlnc (Hr) 

0 48 

0 20 

0 70 

10 20 

0 30 

4 74 

bulphatc (SO«) 

2 40 

31 01 

0 78 

■n»l 

2 09 

27 30 

Carbonate ((.Oj) 

0 04 

0 53 

Tmcea 

Tincei 

0 04 

0 62 



435 70 

35 87 

483 45 

32 72 

428 42 

^T Iter bj dllTcrence 

6 l> pr at G 0 *F 

■US 


04 23 

1 148 


67 28 

1 309 



Table IV. 


TIio rc^ts fihoOTi In tible 3 rany be c\pre««cd ns follows — 


Calcium Otrlmnate (CaC 03 ) 

I 


1 

1 

0 00 

0 70 

Calduni bnlphatc (CaS 04 ) 

1 




0 IS 

1 70 

Mnpn(?^luin Cnrbonntc (McCX) 3 ) 

0 00 ; 

0 70 

Tracer 

Ttncca! 



Mapncluni Sulphate (ifpSOl) 

3 01 

30 03 

0 08 

13 21 

2 51 

32 80 

JInpneOuin Chloride { 3 rRC 12 ) 

28 30 

373 50 

33 27 

448 41 

27 50 

360 84 

jrnpnwlnin Bromide ('IpBr) 

0 55 

7 24 

0 88 

11 80 

0 42 

5 50 

txjdliira chloride (VnCI) 

0 82 

10 80 

0 48 

C 47 

1 28 

16 70 

1 crrle Chloride (F<.,C 16 ) 



0 00 

0 81 



Potnvaliim ailorldo (KCl) 

0 13 

1 71 

0 10 

1 35 

0 63 

8 25 

lotalsolida 

32 03 

433 78 

35 77 

482 11 i 

32 59 

420 70 

Sp Gr nt Cn‘F 

1 317 


1 348 

1 i 

1 300 



Table V. 

Re^ilts of Tirr Analtsls of iIAO^r^n^^! Chloride .Scv^lf-s Xos 
7(7, 76, 9(7 nnd 96 


"MnrX 

7(t 

76 

9/ 

96 

Lab Xo^, 

. 

41 

42 

1 

1 

4G 

Ol^ium (Ca) 

Masncaiiim (Mg) 

So(iium (Xn) 

Potns-ium (K) 

Chlonnc (Cl) 

Bromine (Br) 

Sulphate (So.) 

Cnr)ionntc (fX),) 

Inaohible Re-Klne 

Mnter 

\ o/ 

1 11 7fi 

! 0 30 

! 0 45 

1 31 31 

, 0 07 1 

1 0 29 1 

' 0 02 

1 0 01 

! 12 14 

1 o/ 

! 1 

1 1 

11 90 

1 0 31 

1 0 It 

1 ,34 «j 

1 0 If. 

1 0 12 

1 0 01 

1 0 04 1 

1 52 9.3 

0 

/O j 

11 79 

0 26 

0 54 
34 04 

0 03 

0 10 

0 01 i 
0 02 1 
52 79 

o/ 

/o 

12 69 

0 23 

0 57 
30 G2 

0 54 

0 IS 

0 02 

0 04 
49 73 

Total 

i 100 03 

! ion 71 

100 2C 

100 52 


7 
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Table VI. 


Tliese results raaj be coTU?)inc<l as follows — 


Jlttik 

7a 

76 

On 

96 

Lab jSIos JIiBO 

41 

42 

46 



o/ 


o 

Of 


o 

/o 

/o 


Magnesium Carbonate (MgCOj) 

0 Oi 

0 01 


0 01 

Magnesium Sulphate (MgSO*) 

tl 30 

0 15 

0 24 

0 22 

Jlagnesiiim Chlondc (MgCl,) 

44 07 

45 71 

44 54 

48 00 

Magnesium Bromide (MgBr,) 

0 77 

0 04 

0 72 

0 1,3 

Sodium Chloride (NaCl) 

0 75 

0 80 

0 03 


Potassium Chloride (K.C1) 

0 RC 

0 25 

1 03 

1 09 

Insoluble Residue 

0 0) 

0 04 

0 02 

0 04 

Water 

5’ 14 

52 93 

52 70 

40 73 

Total 

09 03 

100 53 

09 08 

100 34 


Table Vn 

RESTILT3 OP THE Akaitsis OP Salts In, 2n, 3n, 4n, 5o, Cn 


Mart 

lo 

m 

3rt 

4n 

6<T 

Orr 

Lab ^05 MUc 

20 

z\ 

83 

35 

37 

39 

Calcium (Ca) 

Macneslum (iig) 

Sodium (^a) 

Potaastum (K) 

Chlorine (Cl) 

Bromine (Br) 
fiulnhate (So*) 

CarDonnte (CO3) 

Insoluble Residue 

Water 

0 60 

0 25 
30 30 

0 05 
60 65 

0 02 

1 00 

0 02 

0 07 

3 08 

0 32 

0 24 
37 19 

0 03 
67 06 

0 02 

0 85 

0 01 

0 05 

3 06 

0 71 

0 43 
35 07 

0 08 
56 08 

0 02 

1 02 

0 03 

0 07 

6 13 

0 30 

0 11 

37 78 

0 01 
58 61 

0 01 

0 00 

0 02 

0 16 

1 70 

0 3j 

0 31 
30 87 

0 0,1 
67 00 

0 02 

0 07 

0 02 

0 13 

3 48 

0 57 

0 23 
06 80 

n 04 
67 42 

0 02 

1 33 

0 02 

0 35 

2 08 

Total 

M 46 

00 74 

100 14 

00 09 

09 80 

00 60 


Table Vra. 

These results may be combined m follows — 


Calcium Carbonate (CaCOa) 
Galdum Sulphate fCaS04) 
Magnesium enlpbate (iIgSOj) 
Matmeslum Chloride (MgClt) 
Mamesiora Bromide (MgBrt) 
Sodium Chloride (NaCl) 
Potassium Chloride (KCI) 
Insoluble Residue 
Water 


Total 


1 Q 04 

0 02 

0 05 

0 04 

0 03 

0 03 

1 80 

1 00 

2 35 

1 28 

1 16 

1 00 

0 44 

0 14 

0 33 


0 20 


0 03 

0 82 

1 40 

0 44 

1 06 

0 87 

0 02 

0 02 

0 02 

0 01 

0 02 

0 02 

92 33 

94 52 

00 64 

96 05 

93 60 

93 64 

0 10 

0 05 

0 16 

0 02 

0 10 

0 07 

0 07 

0 05 

0 07 

0 16 

0 13 

0 15 

3 08 

3 06 

6 13 

1 70 

3 48 

2 08 

"09 47 

*^95 74 

100 14 

09 70 

99 86 

99 60 
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Table IX 

EESUIiTS OF THE AhaLYSIS OF CRYSTALS 


Mark. 


Lab Nos Misc 


Crystals 
from Bittern 
No 9 


Per cent Pei cent 


Calcimn (Ca) 
Magnesium (Mg) 
Sodium (Na) 
Potassium (K) 
Chlorine (Cl) 
Bromme (Br) 
Sulphate (SO^) 
Carbonate (CO,) 
Insoluble residue 
Water 


Total 


0 08 
7 95 
3 66 
10 52 
33 12 
0 17 
7 32 
0 03 
0 43 
37*16 

100 44 


0 06 
7 91 
3 65 
10 51 
37 73 
0 17 
0 49 
0 02 
0 20 
39 37 

100 11 


Table X. 

These results may be combmed as foAowa 


Calcium Carbonate (CaCo,) 
Calcium Sulphate (CaSo^) 
Magnesium Sulphate (I\IgSo^) 
Magnesium Cliloride (il^?) 
Magnesium Bromide (JlgBr^) 
Sodium Chlonde (NaCl) 
Potassium Chloride (KCl) 
Insoluble residue 
Water 


Per cent. 

Per cent. 

0*06 

0 03 

0 20 

0*16 

9 00 

0 48 

23 93 

30 51 

0 19 

0 19 

9*29 

9*26 

20 06 

20 04 

0 43 

0 20 

37 16 

39 37 

100 32 

100 24 


Total 
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Before considenng the mteri>retations of the results of the anal} sis 
it IS desirable to indicate the methods of analysis adopted especially 
as those adopted for potassium, bromine and water, arc of the 
greatest importance A full description of these wnll be found in 
the appendix of this report 

The calcium, magnesium, potassium, bromine, sulphate, car- 
bonate, insoluble residue and w atcr were determmed directly, but m 
the case of the bnnes and bitterns the water was taken by difference. 
The chlorme was obtained from the total silver halide after deduct- 
mg the amount due to the bromine w hich was determmed directly 
The mixed alkali chlondes were weighed together and the sodium 
chloride was obtained by deducting from that weight the amount 
of potassium chloride found by direct determmatiou as perchlorate 
after precipitation by sodium cobaltimtnte As a check, m some 
cases, the mixed alkali chlorides were converted to perchlorates and 
the potassium perchlorate weighed 

In the case of the bnnes and bitterns the results are expressed ns 
per cent by weight and m grams per htre w'hilst the salts are 
expressed as per cent by weight only In all cases the table of 
determmed radicles is given first, foHowung by a table showing 
how, in our opmion, these radicles may be considered to be com- 
bmed m the samples It will be observed that the mdividual totals 
m these two tables do not exactly correspond m all cases This 
slight discrepancy is due to the mevitable small errors of analysis 
and to the fact that in combmmgthe venous radicles there is always 
a shght excess of one of them, usually magnesium, at the end As 
m our expenence the estimation of magnesium usually tends 
towards results that are a httle high, the figure for magnesium 
chloride given m the table is calculated from the excess of chlorme 
after all other radicles have been accounted for In any case it 
must be emphasized that the difference observed is small and of no 
importance m considenng the results of the mvesligation 

Consideraiton of the Results of the Analysis 
1 The Brines and Bitteks Tables 1, 2, 3 and 4 
All the sampler contam bromme and potassium chlonde, but m 
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variable amounts Of tbe brines No 30 (j\Iark 2) is the nchest m 
brorame, and in potassium and magnesium salts The amoimt of 
potassium chloride present namely 9*6 grams per htre is compar- 
able -with that found m the Dead Sea water having a specific gravity 
of 1 16 (Surface water) 

Bitterns Nos 40 and 44 (illarks 7 and 9) contam respectively 0 48 
and 0 36 per cent of bromine, while No 43 (Jlark 8) as might be 
expected contains the greatest amount namely 0 76 per cent All 
the bitterns contam large amounts of magnesium chlondes, but 
the amoimt of potassium chloride is not so great as might have been 
anticipated if the potassium chloride has remamed m solution. 
This is due to the fact that, smce the bitterns have densities varying 
from 1 31 to 1 35, they are practicall}’' saturated solutions, and the 
bulk of the potassium chlonde has been prenouslv ^irecipitated as 
crude camalhte The compositions of the crystals No 48 (ilark 11) 
which form on the sides of the bitterns pan bears out this explana- 
tion The crystals are m fact crude camalhte 

Smce the presence of potassium chloride m the brme is of the 
greatest importance, but was not found in the samples analysed 
by Mr Mackenzie Walhs, it is desirable at this point to state that 
experiments have been conducted on the limited amount of brme 
No 30 (Mark 2) at our disposal with the object of finding out the 
hmits of the specific gravity for the complete precipitation of the 
potash as camalhte On concentratmg the brine at about 40°C 
with a stiff breeze blowmg over the surface of the evaporating 
liqiud most of the salt (sodium chlonde) is precipitated when the 
hot hquor attains a specific gravity of 1 26 This precipitated 
salt contauied 0 35 per cent of potassium chlonde After remov- 
mg the sodium chlonde, the mother liquor on being concentrated 
at about 50°C till the specific gravity of the hot liquor reached 
1 31, deposited cmde camalhte which contained 10 5 per cent 
of potassium chlonde Owing to lack of matenal we were 
not able to fix the precise limits of the specific gravity for 
the production of camalhte containing 20 per cent of potassium 
chlonde (this bemg the proportion found m the crystals (Mark 11) 
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but it IS probable that such a camallite would be produced if the 
precipitation took place between the speciSc gravities of 1 28 — 
1 31 It would however be a comparatively simple matter to 
fix the condition necessary m India for the precipitation of camallite 
by tnal upon an experimental scale in the works 

That potassium chloride of a fair degree of punty can be readily 
obtamed from the camallite produced in India has been proved 
by the recrystalhsation of sample No 48 (Jlark 11) The crystals 
of crade camalhte from even the sides of the bitterns pan contain 
20 per cent of potassumi chlonde and after a simple process of 
recrystalhsation yield a crude potassium chloride of 70 per cent 
punty, a small sample of a Inch in a bottle is fon\ arded with this 
report 

The question of the production of bromine from the bitterns will 
be taken up after the analysis of the salts have been considered 
The bnnes and bitterns contain no iodine and only spectroscopic 
traces of hthium in certam cases We have exammed the bitterns 
(so far as the matenal at our disposal allows) for the presence of 
rubidium and cassuim but with negative results 

2 The Salts (Sodium Chloride) Tables 7 and 8 
The sodium chlonde m the salt vanes from 90 to 96 per cent , 

the salt produced from bnne No 34 (Mark 4) contams the highest 
amount of sodium chlonde and the least impurity All the samples 
contam very small quantities of bromme and potassium chlonde 

3 The Samples of Maonesiobi CnLOBroE Tables 6 and 6 
The samples contam total aohd impunties rangmg from 1 89 

per cent m No 42 (Mark 7b) to 2 82 per cent in No 41 (Mark 7a) 
No 46 (Mark 9b) contains the greatest amount of magnesium 
chlonde but this is due to the fact that this sample is the dnest 
All the samples contain small quantities of potassium chlonde and 
defimte amount of bromme All the samples may be considered 
good commercial magnesium chlonde (fully hydrates) 

Production of Bromine — Bittern No 43 (Mark 8) contams 
0 76 per cent by weight of bromme, and bitterns Nos 40 and 44 
(Marks 7 and 9) 0 48 and 0 36 per cent respectively The 
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amount of bromine m tbe Stassfurt mother liquors (one of the 
mam world’s supplies of bromine) after the removal of the carnalhte 
IS usually 0 2 to 0 3 pei cent and the amount found by expeii- 
ment m the motlir liquor from brme No 30 (Mark 2) after the 
removal of the carnallite was 0 40 per cent The amount of 
bromine present in the bitterns is thus excluding No 43 (Mark 8) 
vhich IS the final mother liquor after the removal of magnesium 
chlonde greater than m the corresponding bitterns obtained at 
Stassfuii; 

It should be noticed however that every salt removed from the 
bnnes or bitterns during the manufacture of salt and magnesium 
chloride contains bromine m greater or less amoimt The sodium 
chlorides contain on the average 0 017 per cent of bromine, the 
carnalhte 0 17 per cent , the magnesium chlonde 0 60 per cent 
and the sobd part of the sludge 0 14 per cent Every process 
therefore invohnng the removal of sohd matter from the bnnes and 
bitterns by crystallisation or precipitation causes a loss of bromme 
in the liquid which is small m the ongmal bnnes, but mcreasmg 
m amount as the mother liquor becomes more concentrated 
Consequently it is not possible, knowmg only the amount of bro- 
mine m the ongmal bnne and the degree of concentration to deduce 
the amount of bromme m the final mother liquor , nor conversely, 
hnnng analysed only the final mother hquor and knowmg the 
■degree of concentration is it possible to deduce the amount of 
bromine m the ongmal bitterns or brme (See Bulletin No 2, 
p 9, Department of Industnes, Bombay Presidency ) 

For the purpose of obtammg some idea of the order of the total 
loss of bromme and the amount lost at each stage of the successive 
•operations a definite quantity of brme 30 (Mark 2) was evaporated 
From oOO ccs of this bnne (specific gravity 1 22) containmg 
■0 328 per cent of bromine 85 grams of salt (sodium chlonde) 
were obtained containmg 0 05 per cent of bromine. From the 
mother hquor which measured 230 ccs and had a specific gravit)' 
of 1 26, 30 gnus of cnide carnallite were obtamed containmg 
0 156 per cent of bromme The mother liquor at this stage (mea- 
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snrmg 125 ccs ) had a specific gravity of 1 31 and contained 
0 403 per cent of bromme 105 ccs of this mother liquor were 
concentrated to 32 ccs of specific gravity 1 36 and in the process 
6 2 grams of magnesium chlonde containing 0 404 per cent of bromme 
was removed This final mother liquor contained 0 674 per cent 
of bromine From these figures it can be calculated that 65 per 
cent of the bromine ongmally present in the bnne has been 
removed by the vanous salts taken out on concentration and that 
therefore most of the loss of bromme occurs during the removal 
of magnesium chlonde when the liquor is most concentrated 
Further it will be observed that starting inth a bnne containmg 
0 128 per cent of bromme and concentratmg more than 13 times, 
the bromme contents of the final mother liquor in only 0 674 per 
cent In other words the bromme has been concentrated only 
httle more than 6 times, and starting with a bittern conta inin g 

0 403 per cent of bromme and concentratmg more than 3 times, 
the bromme contents has only increased 68 per cent It will be 
observed that the ratio of the bromme contents of bitterns Nos 
43 and 40 (Mark 9 and 8) is 100 159 or nearly the same as that 
found by the above experiment namely 100 168 It is further 
to be noted that m order to obtam a final mother hquor containmg 

1 0 per cent of bromme the ongmal bittern must contam 0 60 
Iier cent of bromme whereas the amount present in the richer 
of the two samples submitted to us was only 0 48 per cent These 
figures should not be taken as absolute values smee the conditions 
of czystaUisations may differ m India from those m this country 
and further the loss of bromme on a manufacturmg scale may be 
different from that obtaining m the Laboratory, but they serve to- 
mdicate the order of magmtude of the loss of bromme that may be 
expected , without taking mto account any possible loss of bromme 
that may occur through heating the bitterns to a high tempera- 
ture, or any loss due to leakage from the pans 

Althou^ there is this great loss of bromme during the vanous 
process of manufacture it does not follow that bromme cannot bo 
economically manufactured m India Apart from the question of 
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cost of manufacture available labour, and method of manufacture, 
the determmmg factor would appear to be the quantity of bittern 
available. For every 15,000 gallons of bitterns contaimng 0 60 
per cent of bromine, rather more than 900 lbs of bromme are 
theoretically recoverable, but it would be more satisfactory to 
ascertam the amount actually recoverable by experiment of a semi- 
works scale. 

Summary and Conclusions. 

1 The brines and bitterns contain potassium salts, magne- 
sium salts and bromine but do not contam lodme 

2 Crude camaUite d^-staUises round the sides of the bitterns 
pans and may be obtained by allowmg the bitterns to concentrate 
between certain himts of specific gravity 

3. Crude potassium chloride may be obtamed by a simple 
process from the camaUite 

4, Loss of bromine occurs at all stages m the concentration 
of the brmes and bitterns, but this loss does not necessarily make 
the economic recovery of the bromine impossible The factors of 
most importance are the percentage of bromme in the final mother 
hquors and the quantity of such mother hquors available 

5 It is necessary to modify the report of Mr Mackenzie Wallis 

m one most important particular, namely the statement (See lilr. 
Mackenzie WaUis’s report conclusion 6 and the second paragraph 
on page 4 of the Bulletin No 2 of the Department of Industnes, 
Bombay Presidency) as to the entire absence of potassium m the 
brme The notable quantities of potassium chloride found m the 
brmes exaimned m this Laboratorj' indicate that these may prove 
to be a useful source of raw matcnal for the manufacture m India 
of pure potash salts and crude potash salts for fertihsmg 
purposes ° 

6 In our opimon it is desirable to make expenments on a 
u-orks or semi-works scale to decide whether either potash salts 

or bromme or both can be manufactured economically in 
India 
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Meihodb of Analysis most stniable for Bnnes and Sails 

Estimahon of Bromine — No method which depends on the 
selective oxidation of bromides m the presence of such chloride 
and the subsequent removal of the liberated bromine by steam 
distillation is entirely satisfactory, neither is the method of direct 
titration against chlorme water except withm narrow limits for 
pure dilute solutions of bromides Further, calonmatnc methods 
are generally only approximate and cannot be relied on uhere 
exact results are reqmred 

The only recent method of analysis vhich in our expenence 
gives satisfactory results is that of Baughman and Skiimor (J of 
Industrial and Engmeermg Chemistry, Oct 1919, p 951) The 
method depends on the hberation of bromme from bromides by 
chromic acid m concentrated solution m the cold and the removal 
of the hberatM bromine by a rapid current of air The bronune 
18 caught m a ! neutral solution of potassium iodide and the liberated 
lodme is titijated against a standard solution of sodium thiosul- 
phate m the mual way 

The process is earned as follows — 

Into a driung cylmder of about 160 ccs capacity fitted with a 
ground-m stopper carry an inlet tube temnnatmg on the outside 
m a small funnel and an outlet tube bent at nght angles is placed 
a definite quantity of the bittern or bnne (concentrated if neces- 
sary) A solution of 16 grams of chromic acid m about 12 
CCS of water is then nm in through the funnel takmg care 
that the total volume of hquid in the cylmder does not exceed 
26 CCS The cylmder is previously attached to two similar 
cyhnders (without funnels) filled to about one-half of their 
capacity with a dilute solution of sodium sulphite made 
shghtly alkahne with sodium carbonate A gentle current 
of air IS drawn through the apparatus until the contents of the re- 
action cylmder are thoroughly mixed The forward end of the 
apparatus is then closed with a screw chp and by gentle aspiration 
the mtemal pressure is shghtly reduced, after which the back end 
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of the ai)paratus is closed by a screw clip The whole js then 
allowed to remain closed for 15 to 18 hours 

The next moimng the bromme is removed by passmg a rapid 
current of air for three hours, and four 2 ccs portion of 3 per 
cent hydrogen peroxide at half hour mtervals are added to the 
reaction cyhnder The contents of the absorption C 3 dmder are 
then transferred to a dish and then evaporated nearly to dryness. 
In the cleaned out reaction C 3 'hnder are placed 15 grams of chromic 
acid The absorption C 3 ^hnders are cleaned and filled to about half 
their capacit 3 '^ with a neutral solution of potassium iodide (5 per 
cent ) and the three C 3 dinders are connected up The evaporated 
solutions and the washmgs of the evaporation dish are transferred 
to the reaction C 3 dmder taking care as before to keep the bulk 
down to about 25 ccs Aspirate as before for one and a half hours 
■and titrate the liberated iodine with thiosulphate 

Estimation of Potassium. — {See Analyst 1916, p 165) A 
solution of sodium cobaltmitnte is prepared as follows — 

50 grams of cobaltmitnte and 300 grams of sodium nitrate are 
dissolved in water, acidified with. 25 ccs of glacial acetic acid and 
diluted to one litie Allow the solution to stand for 48 hours and 
filter before use 

10 grams of brine are diluted to 40-50 ccs with distiUed as water, 
(put water in a beaker and 30 ccs of sodium cobaltuntrate solution 
added ) Stir and allow the precipitate to settle for 2 hours (In 
the case of the salts, where ver 3 ’- small amounts of potash are 
present allow to stand overnight ) Filter at the pump m Gooch 
crucible fitted ivith a paper disc and wash with water contammg 
sodium cobaltimtnte Return the crucible and its contents to the 
beaker and dissolve in the steam or water bath m a few ccs of 
h\ drochloric acid diluted with an equal volume of water Filter into 
a small evaporating basm, wash well and take down to dr 3 Tiess 
Dissolve the residue m a few ccs of water, filter agam if necessary 
and add a shght excess of perchlonc acid Evaporate on the hot 
plate until nearh*^ di^' Cool, dissolve in a little water, add 2\ ccs 
of perchlonc acid and again evaporate until nearly dry. \Mxen cold 
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add 25 Ccs of 98 per cent alcohol, stir, filter through a Gooch 
crucible with asbestos mat, wash with 98 per cent alcohol con- 
tammg 0 2 per cent of perchlonc acid and saturated inth potas- 
sium perchlonde Dry at lOOT, weigh, and deduct the amount 
of potassium perchlorate found m the volume of perchlonc acid 
used, generally about 1 miligram for every 3 ccs and from the 
weight of potassium perchlorate thus found calculate the 
percentage of potassium 

Estimation of Water — In the case of the salts (sodium chlo- 
nde) where the amount of the calcium magnesium salts does not 
exceed 3 to 4 per cent no very serious error is introduced into the 
analysis if the finely powdered salt is dned at 200°C to constant 
weight and the resultmg loss of weight is considered to be 
wholly water But in the case of camallite or magnesium salts 
and particularly of magnesium chlonde, the salt cannot be freed 
from water at a temperature below that at which the salt is decom- 
posed with loss of chlonne as well In order to avoid error 
from this case the foUowmg method of determmation of water 
m such salts has been m operation in this Laboratorv for some 
time 

The method depends upon the fact that lead chromate at a 
red heat will absorb chlonne and sulphuric acid but will not absorb 
water Hence if the vapours obtamed by heatmg the salts m 
question be passed over heated lead chromate in a tube, only the 
water will pass on mto the absorption tube contammg pieces of 
pumice saturated with sulphunc acid As an additional precaution 
against traces of hydrochlonc acid passmg mto the absorption 
tube a spiral of silver gauze is placed in the tube immediately m 
front of the absorption tube The mode of procedure is as 
follows — 

A piece of glass combustaon tubmg 18" long and f" diameter 
IS cleaned and dried The middle third of the tube is filled with 
granulated fused lead chromate kept m position by two short spirals 
of copper gauze In the end of the tube nearest the absorption tube 
containing sulphunc acid is placed a 4" spiral of silver gauze The 
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tube and its contents are first dried by beating to redness in a Pletcber 
furnace and a current of air dried by passing tbrougb sulphuric 
acid IS passed through the tube iintd aU the traces of water are 
removed The empty third of the tube is then allowed to cool 
About half a gram of the salt is weighed mto a boat and placed 
immediately in the empty cold part of the tube The salt 
must be weighed out as rapidly as possible and preferably by 
enclosmg the boat m a weighing tube of “ pig’’ form , this is parti- 
cularly desirable with magnesium chlorides A current of dry 
air IS drawn through the tube and the front part of the tube with 
boat heated gently at first and finally to bright redness and main- 
tained at that temperature for 10 to 15 mmutes Care should 
of course be taken not to heat the lead chromate to the pomt of 
fusion The absorption tube is finally weighed, the mcrease m 
weight bemg water 

A J F. 

Goverjtment Laboratory, 

September 28th, 1920 
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Kuda Salt Works — These works, as rsas shown in the earlier 
part of this report, are of very ancient ongin Long before IChara- 
ghoda salt works were opened, salt was ninniifactiired at Kudo It 
18 stated that the Agarias of Kuda who had inheiited the know- 
ledge of salt manufacture from their ancestors were the first to be 
called at Kharaghoda when the new works were opened in 1823, 
and that the practice followed at Kuda from ancient times was 
copied at Kharaghoda in every detail There is how ever at the 
present day absolutel}’’ no difference in the practice followed 
at these two neighboumig salt w'orks The season is the same as 
at Kharaghoda Tw'O lands of salt are manufactured at Kuda — 

(1) Vadagra (Baragra) or large crystals 

(2) Ghasia or small crystals 

Ghasia salt crystals are very hght, not bemg allowed to grow' 
as m the case of Baragra salt, but removed as soon as they are 
formed like flakes For this reason they do not reqiure continued 
labour in rakmg and spade work as in the case of Baragra salt. 
For a number of years the contractors were paid Es 1-9-0 per 100 
maunds of Ghasia salt Before the hght railway was brought 
to the Kuda'^alt works, the cartage was Es 4-8-0 per 100 maunds 
from the site w the old warehouse Contracts for Baragra salt 
were gven at a pies per Bengal maund or Es 1-2-8 per ton In 
November 192c| a general survey of the wells made for the 1920- 
21 season was made and it was found that the brme level in 
the wells was 8 feet from the surface The density of the brine m 
aU the wells was l9 to 20’ B at 25’* C In one well brme was at 
a depth of 4 feet from the surface Its density was 20’ B In 
the pans which were just beginnmg to form salt, a density of 25° 
B was noted In the pans where salt w'as aheady^ found, the 
density was 26’ B and m the pans which were being emptied the 
bittern had a density of 30°B 

Durmg the 1919-20 and 1920-21 seasons, Magnesium Chloride 
was recovered from the bitterns At Kuda the bitterns of 30° B 
were first led mto small tanks, where they were allowed to con- 
centrate tiU about 36° B They were then transferred by buckets 
mto shallow kettles heated by open fire underneath They were 
boiled at 116° C The method followed at Kuda was very crude , 
but as the pnce of imported Magnesium Chloride was very high, 
it paid the manufacturer to recover Magnesium Chlonde from 
the bitterns, even though the cost of manufacture was very high 
Analyses of Kuda brmes are gven m the following tables These 
analyses show that the Kuda brme is stronger than Kharaghoda 
brme It should also be noticed that Sodium Chlonde m ]^ara- 
ghoda and Kuda brmes of 20’ B is less than in “ sea water” brme 
of the same strength 
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Higliness, and the town and the works were named Nimnknagar 
(Nimak = salt and Nagar = town, Saltville) This site is about 
a nule north to south and a mile east to west The southern liall 
which is shghtly on a higher level is laid out for residential purposes, 
and m the northern half the salt works proper will he laid out The 
natural contours of the selected site have been most ideal givmg 
a drop of 2 feet from south to north and 2 feet from west to east 
The natural gradient thus helps considerably in the economical 
layout of the works A brine channel runs in the centre of the 
works This channel is carried to the southern side where it 
discharges the brme into a forebay The channel is carried from the 
works into the Rann of Cutch on a embankment which is of a lughcr 
level than the high flood mark On the tn o sides of the channel 
there are brme wells The distance beta een each wcU is 60 feet 
These wells will be worked by one central compressor plant, and 
the brine will be pumped by air-hft from each well into the mam 
channel The brine will be led from the forebay into the condenser, 
which has a total area equal to forty-five per cen* of the total area 
of the pans The condenser is divided into three sections, the bnne 
flowing by gravity in a zig-zag way from one condenser to the other 
In the third condenser there are two sluice valves, from which 
the brme would be led mto the pans The pans will be 210 x 70 
feet The area of three pans will make an acre The brme wiU 
be admitted to each set of the pan through a pipe, and its flow 
wiU be regulated by valves At the end of the pan there waU be 
a take off from which the bittern wiU flow into* the bittern 
channel The bittern would be run off by gravity All the pans 
would thus be connected at one side with the brme channel and 
on the other with the bittern channel The bitterns wiU flow from 
all the pans by gravity mto one mam channel which will discharge 
it mto the bittern reservoir The design of the layout thus makes 
it possible to take off the bittern without handhng The whole of 
the layout is so arranged, that there will be a constant flow of 
bittern from one part or the other of the layout, thus makmg it 
possible to recover the by-products contmuously throughout the 
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fiat country mfcli the e' cepfcion of a few iulla Eouud about 
Dhiangadhra there are several observatones of the Meteorological 
Department, whose records extend over 50 years From the records 

N 

i 

I 





YEARLY VARIATION IN DmE.CTIDN AND 
VELOCITIES OF WIND AT KUOfl 
no 12 

of these observatones it would be possible to obtam very nearly a 
correct idea of the conditions m the Dhrangadhra State For this 
purpose I have given the readings of the followmg stations — 
Veraval which is on the sea coast , Eajkot which is m the intenor 
of Khthiawar , Bhuj which is to the south-west of the Kami of Cutch, 
Ahmedabad vhich is about 70 nides from Dhrangadhra, and Deesa 
winch IB on the north of Dhrangadhra 

At Kuda the weather would resemble more hke Rajkot, Bhuj or 
Ahmedabad with this difference, that m the month of March and 
April when the north-west ivmds are blowmg from the Rann, the 
maximnm temperature at Kuda would be more than at Ahmedabad 
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“ Duimg the past few years the quality of Sambhar salt is said 
to have depreciated, and it has been suspected that the large quanti- 
ties which have been removed have at last made an impression 
on the great stores of salt which must have accumulated m the 
lake silt, appreciably raismg the proportion of the associated com- 
pounds sodium sulphate, sodium carbonate and potassium 
sulphate ” 

Sambhar lake water contam mostly Sodium Chloride, Sodium 
Sulphate and Sodium Caibonate m the followmg proportions — 

Per cent 

Sodium Chlonde 88 

„ Sulphate 7 6 

„ Carbonate 4 5 

Sodium Sulphate and Sodium Carbonate are present in very large 
quantities These are found on the sides of the Lake m layers 
from 1 to 2 mches deep Salt is recovered from the brme by solar 
evaporation in shallow pans or Kyars or obtained by gradual con- 
centration of the waters of the lake itself Salt forms at Sambhar 
lake m large crystals of the hopper or pyramid shape The crystals 
are white or gray to pink The manufacture of salt at the lake, 
it will be seen, depends upon the rainfall which vanes from year 
to year, and the outturn of salt fluctuates m accordance with the 
quantity of bnne in the lake 

Production of Salt. 


Year 

Maunds 

1917-18 

46,34,747 

1918-19 

1,11,90,738 

1919-20 

44,77,199 

1920-21 

64,36,636 

1921-22 

60,18,104 


The average rainfall at Sambhar is 20 17 mches The monsoon 
begins m June and lasts to the end of October The cost of salt 
at Sambhar is evtremely ’ow as will be seen from the followmg 
table — 
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Manufacture of pan salt was considered troublesome, precanous and 
uneconomical Considerable improvements have been made smco 
1920, for the production of an assured quantity of salt from surface 
and subsoil bnnes As a result of enquiries made by the Goi eminent, 
it was suggested to construct a large resen oir pronded ii ith powerful 
pumpmg "plant at a cost of rupees four lakhs Tlus reservoir is to be 
built by the construction of a dam 12,000 feet long and sufficiently 
high to mamtain a level of 0 feet of w ater for the cold and hot 
weather These measures will safeguard the Sanibhar source against 
scanty ramfall Other projects at Sambhar are the electrification of 
the power plant, acceleration in the methods of evtraction and in 
the handhng and transport of salt 
Pachbadra and Didwana Bnne Salt Works — After Sambhar, 
the Pachbadra salt sources are nevt m importance Pachbadra is on 
the banks of Lum (salt nver) at a distance of 40 miles from the city 
of Jodhpur All over the area brine springs evist Pits of an average 
length of 230 ft by 60 ft are dug to the level of the Inane sprmgs 
and become filled to a depth of 3 feet. The density of the bnne 
vanes from 20 to 25° B Another important salt centre is Didwana, 
also situate in Jodhpur at a distance of 40 miles S W of Sambhar 
Lake The supply of bnne is abundant and beheved to be 
mexhaustible The cost of production at Didwana is extremely 
low — As 10 a ton — perhaps the cheapest salt made m the world 
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considerable distances in Northern Ind'a, these salts are not 
marketable m Central and Southern India 
Prices of Salt m Rajputana and Northern India — The cost 
pnce includes the cost of manufacture and storage, cost of 
supervision, share of cost of hospital estabhshment, medicine, 
etc Interest on capital expenditure and outlaj', rent of sources, 
including royalty and other items of expenditure From the prices 
given below it will be reabsed that salt is obtainable at perhaps the 
cheapest rate in the world 



pKiCKS or Salt iw Rajpctaka and NoRTHanN India — Per Maund 
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Petcentage of quantity imported from different countnes 



1918-19 

1920-21 

1921-22 

1922-23 

Umted Kingdom 

8 88 

14 58 

12 7 

14 41 

Port Said 

49 90 

19 34 

18 14 

15 82 

Spam 

4 13 

11 93 

11 44 

10 65 

Massovah 

11 30 

9 10 

9 46 

11 24 

Aden 

25 25 

28 65 

31 92 

30 82 

Bombay 

0 44 

2 80 

3 88 

5 23 

Madras 

0 90 

0 09 

3 81 

3 81 

Hamburg 


12 77 

8 63 

8 05 


Wastage of Salt — The following figures show the average per- 
centages of wastage of salt m the Bengal Warehouses — 



1921-22 

1922-23 

Laverpool 

3 22 

2 04 

Port Said 

0 08 

1 00 

Aden 

0 93 

6 03 

Massovah 

0 05 

0 64 

Hamburg 


0 843 

General average 

2 65 

2 25 

The average wholesale price per maund was 

Es 

as follows 

1920-21 

3-2-4 


1921-22 

3-3-0 


1922-23 

3-6-6 



For wholesale FOB prices see Appendix 

Madras Presidency — Salt is manufactured by solar evapora- 
tion of sea water all along the coast of the Madras Presidency The 
salt distnct of the Presidency is divided into three sections The 
Northern Section is from Ganjam to Kistna districts, the Central 
Section 18 from Kistna to Chmgleput districts, and the Southern 
Section is from Chmgleput district all along the east coast, round the 
Cape and along the west coast upto Udipi district m Malabar. 
There are in all 48 centres divided mto 65 factories spread over 
a total length of 1,600 nules of sea coast The 65 factones 
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ox about the middle of February, vrbeu strong southerly dry wmd, 
often from the landward side, blows without a break and continues 
till the second week of June As a rule three condensers are provided 
for each crystalhsmg bed The area thus covered by the condenser 
18 three times the area covered by the crystallising bed In many 
cases single irngation system is employed and m others salt is gathered 
for a few days In the smgle irrigation system, bnne is taken in 
mto the crystaUising beds to a depth of K to 3 mches, and this is 
gradually evaporated till a density of 28 to 30’ B is reached The 
crystals of salt are scraped by flat wooden scrappers The salt 
thus obtained is allowed to dram m a heap on the platform adjommg 
the pan The irrigation of beds and scrapmg is repeated every third 
or fourth day accordmg to the weather Alter the fifth, scrapmg 
the mother hquor which gets charged with magnesium salts is taken 
out, the bed agam puddled and fresh brme taken m The bittern is 
dramed off mto a special small channel which is constructed on a 
lower level The crystals thus obtamed are hard and greyish. 
They crush well, and if weU washed in brme gi\’e fine white salt 
The yield is estimated at 1,000 maunds per acre, or roughly about 
35 to 36 tons As regards labour, two men are required per acre 
to attend to the crystalhsmg pans and the condenser Women 
are employed for all purposes except scrapmg The wages paid to 
men are from Es. 9 to 10 per month Women get Rs 7 per month 
For five acres 5 men and 7 women are required The Govern- 
ment gives sections of the factory to different contractors on lease 
The contractor supphes all the materials necessary, such as slung 
baskets, scrapers, etc He finds his own labour and conducts aU the 
operations from the beginmng to the end except the control of crys- 
talhsmg m the pans Government inspectors are responsible for the 
exammation of brme from tune to tune The whole outturn is 
purchased by the Government at the fixed rate of Es 16 to 20 per 
“ grace ” or 120 maunds, or at the rate of As 2 per maund At this 
rate the contractor is expected to make a good profit, estimated at 
about SIX pies per maund The Government m turn sells salt at the 
site to wholesale dealers at the rate of As 3 per maund plus the duty. 
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Sea salt manufacture in the Bombay Presidency. — Abou^ 
two-tbirda of the salt produced jn the Bombay Presidency 
13 obtained from sea -water AH along the coast from Dharasna, 
near Surat, to Samkatta m the south of Bombay, on about 
300 miles of sea coast, salt is manufactured durmg the dry 
season from sea water The season commences m October- 

November if the monsoon is prolonged The sea water is let 
into the reservoir towards the close of the month m winch the 
operations commence The area is first swept clean of ram water 
which accumulates m the monsoon The condensers and the pans 
are repaued and rebmit, puddled and tamped till a hard and 
water-tight floor is obtamed The crystalhsmg pans are first charged 
with brmes m November and December near Bombay In other 
salt works, brme is let into the pans in January, and m some cases 
as late as February It takes about three n eeks for the sea water 
to condense in the begmmng of the season The actual manufactur- 
ing season lasts from four to five and a half months An acre 
of land holds 40 pans as will be seen from the followmg table A 
pan contams 1,080 square feet An acre contains 43,660 square feet 
(50' long-f 4' ndgex 15' broad -{-5' ridge=64x 20— 1,080 square feet) 
Each pan yields on an average 70 to 80 maunds On this basis the 
monthly outturn per pan can be taken at 12 mannds The outturn of 
salt per acre is 18 tons or 108 tons per season of six months If m the 
above area an allowance is made for condensers, 10 pans only can be 
laid out in one acre 'The produce per season m that case would be 30 
tons The mamifactunng season is reckoned from December to 
May, In Bombay — Dadar salt works, Kuppa salt begms to form 
m December and continues till the middle of June Formerly it 
-was the practice -to lay out larger pans and consequently salt did 
not form tiU the end of February , but the present practice is to have 
smaller pans m order to get salt formed earher m the season than 
before 'The daily wage is As 11 to 12 per labourer When the 
agar is laid out and the pans are made water-tight to receive brme, 
a stafl of about 56 men, mclumve of the manufacturer-m-chief is 
reqnued to attend to 100 acres of land 60 out of the 66 men have 
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FOREIGN SALT WORKS 


French Salt Works —In France solar salt manufacture is 
earned on the Mediterranean There are 4 grades of salt made — 

(1) Fme salt 

(2) Semi-fine salt. 

(3) Lump salt 

(4) Rough large salt 

The differences m pnees between grades 1 and 2 is 6 Francs, 
and between grades 2 and 3 and 3 and 4, 2 to 3 Francs An average 
analysis of the French solar salt is — 


Sodium Chlonde 97 56 

Magnesium Chlonde 0 07 

Magnesium Sulphate 0 37 

Moisture 2 00 


This salt IS produced from Mediterranean sea water, the analysis 
of which IS given below — 


Sodium Chlonde 
Magnesium Chlonde 
Calcium Sulphate 
Magnesium Sulphate 
Potassium Chlonde 
Sodium Bronude 
Calcium Carbonate 
Feme Oxide 
Magnesium Carbonate 
Potash 
Water 


* I II (Lament) 

30 182 27 22 

3 302 6 14 

2 542 0 16 

1 392 7 02 

0 518 Nil 
0 672 

0 117 0 09 

0 003 

0 11 
0 01 
959 06 


♦ Works analysis in 1918 
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This Company has a capital of 8 milhon Francs and prodnees 
annually about 20,000 tons of salt It has salt works at the follow- 
ing places — 

(1) Huyeres (on the other side of Marseilles ) 

(2) Aigues Mortes 

(3) Cette 

(4) Wleroi 

The Company is a combination of a number of other small 
concerns scattered at different places on the Mediterranean At 
Aigues Mortes where there are five works in fairly close proximity 
the total combmed output from the distnct is 80,000 tons on an 
average per year The manufacture is entirely by solar evapora- 
tion at all these works, and no by-products are recoi ered m this 
distnct Salt is not re-crystalhsed but a large portion of the salt 
made is washed with bnne before stackmg m heaps 

Salin de ViUeroi — The lavout of Salin de Villeroi is typical 
of the French saltern Sea water of about 3® B is drawn from 
the Mediterranean where there is practically no tide As there is 
no nse and fall m the sea level due to absence of tides, the sea water 
is raised at vanous stages by means of pumps One of the pumps 
was made of wood inth screw Uke blades This pump or water 
wheel or elevator raises large volume of water to a height of about 
6 feet, and was considered more economical than the other centn- 
fugal pumps Electnc power is used for pumping end all other 
purposes It was purchased from a pubhc company at about 10 
cms per K W H before the War, and at 15 to 16 cms m 1918 
The current is brought from the generatmg station which is over 
100 Kms (62 miles) away at 10,000 volts and reduced to 100 volts. 

The sea water is led through a senes of reservoirs partly natural 
aud partly constructed, varying from 1 foot to 4 or 5 feet m depth 
and contains 50 to 70 cms (20" to 28") of water The bnne is 
concentrated m these resen oirs upto to 25° B till all the Calcium 
Sulphate precipitates The concentrated bnne of 25° B is then 
run at about the eud of June into a specially constructed rectan- 
gulai pan The depth of the bnne m the pans is mamtamed 
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of 80,000 tons per year whicli is the average production of Aiguee 
Mortes works The salt is brought by a canal into the central 
store and ground The grinding mill is made by C Wagmann of 
Zurich It consists of double mills, viz , (1) Dismtegrators and 
(2) Porcelam Eollers These turn out 2 tons of fine salt per hour 
and take about 8 to 10 h p. The approvimate cost of a machine 
of this type would be 4 to j thousand Francs Before the 
War it cost only 2,000 Francs 

All the machmes, as at Cette, are driven by Electncity The 
power cost 17 cms per K IV The cost of grinding to produce 
the fine so called table salt is said to be 3 Francs per ton Moveable 
cranes and elevators were used ns at Cette for stackmg the salt 
Electric wires are run all over the sahns, so that pumps, cranes 
and other machinery can be conveniently worked 

Compagnie de Prodvdta Chinuque and £iectro>metalluTgiques 
d’ A lais Forges and Camargue 

Salmxde'Giraud —This is a very large company, which makes 
besides salt for consumption, sea salt for the Solvay Soda Ash 
factory Its annual production is from 160,000 to 200,000 tons 
Dimng the War the Company was also ma king explosives for the 
Government 

It extends on the sen coast about 32 miles and along the nver 
about six miles It is difficult to determme the exact area covered 
by these works , but the area is estimated at 30,000 hectares 
(75,000 acres) These works were founded ongmally in 1858 
and considerably enlarged m the subsequent years The admims- 
tration offices, workshop and factories occupy 100 acres near the 
station of Salm-de-Giraud 

Solvay works are about 10 miles from the salt works A meter 
gauge radway hue, about 16 imles m length, connects the intenor 
of the works with the factory Of the total area 12,000 hectares 
(30,000 acres) are at present reserved for the production of 160,0(X) 
— 200,000 tons Each Hectare (2,471 acres) gives 180 to 200 tons 
of salt per year The salt is harvested from the middle of June 
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The following working of the Salms will give an idea of the 
process followed at these works — 

(1) Sea water of 3° B is run into reservoirs and brought up 

in them to 10“ B These reservoirs are shallow, about 
3 3 feet deep and made of clav bottom The French 
have solved the problem of evaporating huge quantities 
of sea water of low density m places not very well situated 
for solar evaporation ns in the tropics This they do 
by spreading the sea water m thm la}ers over vast 
areas and keeping the waters constantly moving by 
drawmg oS at various stages into long channels This 
IS done by a water wheel 15 feet m diameter and 3 feet 
wide driven by an engine The water is raised about 
one metre from one level to another The efficiency is 
said to be 60 per cent 

(2) This 13 run mto a second senes of reservoirs and earned 

by zigzag courses, partly natural and partly artificially 
constructed 

(3) From this it is run into the salt pans which are all laid 

together and brought upto 28° B Salt is gathered 
upto 29-30° B m these pans 

ft) The mother hquor after the gathenng of salt is run mto 
a further set of crystallisers and brought upto 33° B 
wheie an impure Magnesium Sulphate mixed with 
salt crystallises out m a layer of about i mches 

15) The mother hquor of 33 to 34° B is pumped mto three 
deep reservoirs and kept there durmg the wmter Here 
Magnesium Sulphate crystallises out at a low tempera- 
ture , it 13 removed on separation, and then the remam- 
mg mother hquor is conveyed to the factory for fur- 
ther treatment The depth of the first two sets of 
reservoirs m the first and the second stages given above 
are as shallow as possible These reservoirs are con- 
structed by earth embankments and the bottom made 
of natural clay The depth vanes upto one metre 
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from the deposit of “mixed salt” (sodium chlonde and magnesium 
sulphate) Formerly this vras used for the manufacture of sodium 
sulphate, but this salt is now obtained more economically as a 
by-product in other industries 

The mother liquors are next conveyed to four large commuiu- 
catmg hnck-work reservoirs (14 feet deep) with outlets for the 
discharge of the deposits of magnesium sulphate and are allowed 
to remam there dunng the winter llTien the temperature falls 
to 12“C magnesium sulphate is deposited, whilst to prevent the 
hqmd from coohng below the pomt, when “camalite” would also 
be deposited, the surface is covered with a layer of soft water from 
the Ehone 

There forms at the bottom of the tank a very nch deposit of 
Magnesium Sulphate This deposit is not of uniform thickness 
and composition Certam layers are composed of fine crystals 
which are very white and very small There are also layers o£ 
irregular, thin, dirty and sticky crystals 



Small 

Dirty 

Big dirty 


white 

and 

crystals 


crystals 

opaque 

crystals 


NaQ 

2 19 

0 54 

2 20 

MgCl, 6H,0 

0 60 

0 60 

3 04 

MgS04 7H,0 

88 56 

97 78 

89 79 

Water by diff. 

8 75 

1 18 

4 23 

Insoluble 



0 74 


The annual production of this crude sulphate of magnesia is 
extremely variable It vanes from 1,600 to 100 tons per year 
The product is sold as it is collected — no further attempt is made 
to refine it 

The foUowmg spnng the layer of the mother hquor, which will 
then have a density of 32 to 33’ B (sp gr 1 286 — 1 296) is ready 
for the extraction of bromine This is effected by pumpmg the 
mother hquors mto vessels each of which has a capacity of 20 
cub m (706 c ft ) and from this they descend m a regulated stream 
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The clear supematent hquid is transferred to a crystallisation 
vessel in which it is cooled to about 20’ C by means of coohng coils 
and the resulting deposit of camalitc is drawn off by means of 
buckets and dramed in c} Imdncal vessels ivith false bottom The 
final mother liquor is concentrated to about 40 ’B (sp gr 1 334) 
and IS used partly for mixing with the liquors coming from the 
Ponon evaporators, and partly m the manufacture of crystahne 
magnesium chlonde The camahte is washed with a limited quan- 
tity of water, e g , 900 litres of soft v ater and 600 litres of washings 
of 28^B (sp gr 1 241) from a pre\nous operation to 2,700 lallos 
of the salt, m cylmdncal vessel winch is promded with mechamcal 
agitators After 4 hours, durmg which a part of the potassium 
chloride settles down and the mother liquor which is stiU nch 
in potassium chloride, is concentrated in Ponon evaporator 
for further treatment The crude potassium chlonde is washed 
m 3 ton lots for about an hour with 1 cb m of cold soft water 
in a cyhnder proiuded with an agitator, and is then transferred 
mto a vessel with a false bottom, where it is dramed 
and IS finally dried m a battery of hydro-extractors The 
resultmg product contams 72 to 75 per cent of potassium 
chlonde but may be obtained m purer form by repeating 
the washmg About 600 tons of 72 per cent potassium chlonde 
are thus obtamed annually by the treatment of 16,000 cb m 
of mother hquors of 33’B (sp gr 1 296) m the marme salt 
works at Sahn de Giraud The Company produces at this works 
4 to 6 tons of Magnesium Chlonde per day, though for every 
20 000 tons of salt they can obtam 24 tons of Magnesium 
Chloride Por every 1 ton of Potassium Chlonde the possible 
production of Magnesium Chlonde is 6 tons, and 10 tons of 
Epsom salt 

Other French Salt Works — There are other French salt 
works m Nantes distnct The salt produced m this district is dirty 
and requires to be re crystallised At Nancy there are rock salt 
deposits, which are worked on the same Imes as at the works m 
England 
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nearam and calcium sulphate A detailed descnption of the 
Stassfurt industry is given in Thorpe (Vol IV, p 377) These 
deposits vrere worked mainly for potassium salts and cpsom salts 
Magneaum Chlonde was treated as a by-product In 1907 the pro- 
duction of the different salts was as under — 


Potassium Chlonde 

Tons * 

473,138 

Magnesium Chlonde 

32,891 

Glauber Salt 

80,340 

Potassium Sulphate 

60,292 

“ Magnesium ” 

33,368 

Magnesium Sulphate 

41,105 

>> it 

69,473 

Alum 

4,200 


Total 7,848,814 

Bromine is separated by treatment of the residual liquors with, 
chlorme 

Manufacture of Salt in England — In England salt is obtamed 
from rock salt deposits m Cheshire, Lancashire and several other 
places At Northwich, the top bed is 76 feet thick and hes 
130-150 feet below the surface Similar deposits are found m 
Marston, Sandbach, Einsford, Lawton and Holford Salt deposits 
are also found m Staffordshire and Yorkshire The industry 
IS confined mamly m Cheshire where the rock salt consists of a vary- 
mg mixture of marls and salt, contammg 98 per cent sodium 
chlonde, 1 65 per cent calcium sulphate and 0 05 per cent Magne- 
sium sulphate The lower beds are worked by min ing , the salt 
thus obtamed is used chiefly for agricultural purposes The 
Cheshire rock salt is chiefly associated with coloured marls 
to the extent of about 5 per cent of salt The colour vanes from 
red, brown and yellow to white Natural btme is generally found on 
the upper surface of these salt deposits This is drawn up through 


♦Martin 
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of Cheshire m 1889, they issued a hst of prices for the different 
grams of salt The origmal pnces were re\ ised as under — 

The pnce of common salt was raised from 7/6 to 13/6 
„ „ butter „ „ „ „ 7/6 „ 16/6 

„ „ Calcutta salt „ „ „ 8/6 „ 16/6 

„ „ handled squares for domestic uses 

was raised from 13/6 „ 36/0 


The cost of production was at that time calculated as follows • 


For larger grams — 

10 Cn-ts of coal at 5/- 
Labour 


Per ton of salt 
2/6 
1/0 


3/6 

Fme gram for India — 

14 Cwts Coal at 6/- 3/6 

Labour 1 /O 


4/6 

With the ordmary open pans 1 ton of fuel (slack with 15 — 20 per 
cent of ash) wiU make 2 6 tons of salt 

More recently considerable improvements have been made m 
the production of salt by Vacuum Evaporators A well con- 
structed tripple — effect plant makes considerable sanng in the cost 
of fuel , it does not require an extensive layout and the production 
IS considerably mcreased A good size of evaporator would yield 
from SOCJ^— 700 tons in 24 hours as against 10 to 20 tons in direct 
fired pans \A tnpple effect evaporator gives from 5 to 6 tons of 
salt per ton of fuel 

It IS usual to purify the bnne used m these evaporators The 
cost of pimfymg'^is reckoned at about 5/- per ton of bnne In 
a quadruple — effect evaporator there vould be further econo- 
nnes m the consumption of coal In a good quadruple effect 
evaporator a pound of coal which would give 6 lbs of steam m an 
ordinary boder would gn e 21 5 lbs of steam Consequently 2 6 to 
3 cwts of coal would be reqmred for obtaining salt from saturated 
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It will be seen that the cost pnce of salt bas gone np from 14s 
to very nearly 42s or three times m seven years In certain plants 
where instead of coal, waste gas from blast furnace or steam from 
power stations have been used, there had been a striking economy 
in the cost of production By this means, one firm in 1913 was 
able to produce salt at 50 per cent of the cost of the Salt Union 
By the Vacuum method the Salt Union, Ltd , can produce salt more 
cheaply, at about 6s per ton than by the open pan method 
Vacuum salt howev er, bemg 25 per cent denser than open pan salt 
cannot be economically used for many of the purposes for uhich 
the more coarse grained salt is used As the greater quantity of 
salt made in England is salt produced by the open pan method, 
the rulmg pnees are fixed on the basis of the cost by that method 
After the Armistice the Salt Manufacturers’ Association proposed 
to regulate their pnce by 6d pei ton tor each subsequent increase 
of Is in the rate of wages and 9(i per ton for each subsequent 
mcrease of Is per ton in the price of coal The total cost of distn- 
bution, includmg warehousmg, dehverv, administration, etc , was 
m 1913 9s per ton for all quabties, whereas m 1919 it was 27s 
or an mcrease of 21 per cent The cost of dehvery alone, com- 
pnsmg horses, vans and carmen is put at 2s lid per ton m 
1913, and 11s 2d in 1919 In 1920, an mcrease of 6s 6d per ton 
was made m the Manufacturers’ pnce fixed by the Association 
This mcrease was due to an mcrease of wages by 8s per week, and 
an mcrease m the pnce of coal by 2s 2d per ton due to mcreased 
railway rates Subsequent to this mcrease m the pnce of salt, 
wages and coal have gone up, and the total rise m the pnce of coal 
would be 4s 8d If salt is intended for shipment to India, the 
followmg charges have to be added — 

Loadmg mto barges , canal dues , weighmg and bondmg at 
Liverpool wharfage — About 3 to 6s per ton 

Freight from Liverpool to Calcutta In pre-war days it was 
5s when it was shipped mostly as ballast The total cost from 
mmes to Calcutta would be — 
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depth of 1,600 feet and over At Ludington tlie deposit is at a 
depth of 2,300 feet and at Manistee at 2,000 feet 
New York — New York is second among the States in regard 
to salt production The important deposits are at Wyoming 
Otken Valley-Genessee Valle)’^ and round about Onondaga Lake 
particularly at Syracuse At Ithaca, salt uas found at a depth 
of 3,185 feet In the Onondaga valley water from Tully lake 
flows by gravity to the salt la}^!^ and becomes saturated with it 
This brine was transported through pipes to the Soda Ash factory 
of the Solvay Process at Syracuse The site of this factory is 360 
feet lower than the mouth of the wells 

Ohio — Ohio IS third in importance for salt production At 
Hadseli the salt deposits are found at a depth of 3,258 feet At 
Pomeroy natural brme is obtained in a salt sand strata of 170 
feet at a depth of 960 feet At this place brines were struck at 
320 feet, density 6'’ B, at 710 feet density 9’ B, at 980 feet, density 
Q^B, and at 160 feet density IG'^B At Hartford brine was 
obtamed at 1,050 feet The density vanes with the dip of 
the rocks, viz , from 8 to 10 5’B, the heavier brines seeking the 
lower level 

West Virginia — Is an important producer of salt from brmes 
These brmes are a good source of Bromme and Calcium Chlondcj 
Pennsylvania — Is also known for its brme wells In Pittsburg 
one well, one of the deepest in Pennsylvama — reached a depth 
of 4,089 feet Brme appeared m this well at 1,405 feet Another 
well known as the Demck City or Bradford City well reached a 
depth of 5,820 feet and struck 4 beds of salt rangmg m thickness 
10 to 47 feet Another deep well — ^the McDonald well gave brine 
at a depth of 6,825 feet and rock salt between 6,825 and 7,175 In 
Virgmia formations, limestone. Gypsum and salt deposits occur 
at the same place m different strata 
Recovery of Salt from Sea Water — This is confined mamly 
to the West Coast The season begms about the imddle of April 
and ends about the rmddle of October — generally about 6 months 
The longest season known jis of 210 days Durmg the summer 
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to the ponds for concentration and crystallisation It then 
settles for 5 or 6 days in the settling ponds, and is then led to the 
stock or evaporating ponds, where it is allon ed to remain tiU it is 
completely saturated and the salt is about to deposit It finally 
passes on to the harvestmg ponds The ponds are separated 
from each other by clay enbankments, 2 feet inde and 22 mches 
high, held m place by boards set on edge The bnne flows 
by gravity from pond to pond its flow being controlled by small 
gates It takes 30 days for the bnne to reach from the lake to the 
crystallising beds The bitterns is dravm off twice durmg the 
season Care is taken to prevent the crj'stallisation of sodium 
sulphate which is said to take place whp n the water reaches 25’F 
Talmage beheves that the cntical temperature of formation is 
36° F Careful evpenments earned out m the laboratory of the 
U S (Geological Survey have shown that brme from the lake of 
1 145 sp gravity becomes saturated with rmrabihte Na, SO^ 
10H,O at 1°C or 34° F The average Crop is about three inches 

Sohr Salt from natural brine^, — Formerly natural bnne 
varymg m density from 17-20’B was successively led to 3 sets of 
“ rooms” or shallow wooden vats or ” covers” provided with low 
moveable roofs in sections of 16 feet and ruimmg on rollers The 
area of each section was 288 sq feet 

Size of lime salt looms — 18 feet wide, 400-500 feet long, 
6 deep Two-thirds of the total area is taken up by these rooms 

Deep Rooms — Bnne is first led mto these They serve 
mamly for the storage of pumped up bnne Their sizes vary 
considerably but they are from 12 to 14 mches deep These deep 
rooms serve for setthng brme 

Lime Rooms They are so called, not because of any lim e bemg 
used m the process, but on account of the Gypsum that separates 
out in these rooms 

Salt Rooms — In these vats bnne is concentrated to saturation 
and the salt separated from the pickle In aU these rooms the 
brme is moved by gravity The difference m levels between these 
sets of rooms is 6-8 mches 
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sides are provided mth dram board 3 feet wide along the entire 
length of the pans The pans are in three sections Tlie section 
at the back vhere brme enters is from 30 to 48 feet long The 
front part is divided into two sections, the one nearest the back 
IS 30 feet long and the remammg about 70 feet long These pans 
are heated by fuel, mainly coal or natural gas In sonic instances 
the brine before it is admitted to the back pan is preheated in a 
tank bmlt at the base of the chimney, where the waste heat of 
the flues is made use of The draining of the separated salt is 
very carefully controlled The resulting bittern is removed from 
tune to tune 

Manufacture of Salt by Steam evaporation — Phalen has 
described m great detad the preparation of salt by the Gramer 
Process The foUownaig descnption will give a general idea of the 
process earned out m the States, though it differs m details in dif- 
ferent districts The manufacture of salt by the gramer process 
18 often earned on m conjunction with some other industry In 
Michigan the mdustry has grown up largely wuth the lumbering 
industry In some places heat is denved from waste heat, from 
electnc plants and other eiJiaust steam 

The brme which usually comes as stated before from 700 feet 
below the furnace is first passed mto the settling tanks, where 
gases hke Hydrogen Sulphide which are present m the brines are 
allowed to escape In the setthng tanks iron compoimds also 
separate on asration of the bnne Milk of Lune is then added, the 
brine agitated and then agam allowed to stand for several days 
If there is an excess of hme soda ash is added The clear brine 
IS either sent to the gramer, or m some cases passed through pre- 
heaters, where the heat of the chimney gases is utihsed In the 
gramer process the purification of bnne is of considerable import- 
ance The gramer or Michigan process of salt ma king is entirely 
of American ongm It consists m passmg hve or exhaust steam 
through metal pipes that are emerged in the brme to be evaporated 
The gramer is a long, narrow shallow vat, bmlt of wood or metal, 
supported on a framework or on cement or concrete supported 
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andheated by e'diaust steam that entered at an average tempera- 
ture of 216 6 ° F, and had an average quality of 97 per cent The 
gramer ^vB 3 143 feet long and 10 67 feet vnde at the average level 
and was filled with brine to an average depth of 1 229 feet It 
contained 1,072 feet of 3 5 inch pipe, the retio of the evaporating 
(gramer) area to the heating surface being 1 34 The brine at 92 o 
per cent saturation was run into the gramer at a temperature 
of 71 6 °F and the test was continuous for 192 hours, at the end 
of which time the saturation of the bittern unduly impeded eva- 
poration At the start, evaporation vas continued till the level 
of the brine had lowered nearly to the steam pipes in the gramer 
The quantity evaporated was then restored by lutroducmg new 
brine, and this process of alternate evaporsting and filbng was 
contmued throughout the test The results of the run rre sum- 
marised in the following tables — 

Results of Operating a Geainer in Michigan for 


192 Hours 

Item Pounds 

Total production of hot salt 110,950 

Production of hot salt per hour 677 8 

Equivalent m seasoned paQhed salt per hour 634 6 

Total condensation of water from gramer pipes 410,368 

Condensation per hour 2,137 

Eqmvalent condensation of dry steam per hour 2,073 

Production of hot salt per square foot of gramer 
surface 72 7 

Production of hot salt per square foot of heatmg 
surface 97 9 

Production of hot salt per linear foot of 3 6 mch 
steam pipe 102 6 

Production of hot salt per cubic foot of brine 13 46 

Condensation of dry steam per cubic foot of brine 46 8 
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WiUcox calculates that the efficiency represented by these 
figures corresponds p pproximately to the eTOporation of 8 322 
pounds of water by one pound of coal He adds that m the usual 
operation of this gramer the bittern is replaced by new brine 
every 6 days, 2 hours being lost at each filling, and that services 
of 4 men for 3 hours are required to scale the pipes every 30 daj s 
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At tills time, when the country is suffenng from an acute shortage 
of potassium salts, the amount of potassium chloride indicated 
abo\ e IS of considerable importance Durmg the first half of 1917 
the total potash production of the country, calculated on the basis 
of Kj 0, was 14,000 tons, which amount was but 10 per cent of the 
normal amount used before the war It is evident that the amount 
of potash that could be extracted from the bitterns of the salt works 
on San Francisco Bay alone would add about 10 per cent to the 
country’s pr29ent annual production of potash The amount 
of salt actually produced m this region is nearly 140,000 tons, per 
annum, so that a hberal allowance for losses in working up the 
bittern should leave still 3,000 tons of potassium chlonde By util- 
izmg the bitterns from other regions on the Pacific Coast, notably 
San Diego, this amount would be very greatly increased 
The other materials mentioned in the above table also represent 
very considerable values, although they have less relation to the 
present national emergency 

After the removal of most of the common salt m the salt ponds 
the other salts would be contained m approximately 100,000 tons 
of bittern, having a volume of approximately 100,000 cubic yards 
The values represented by these materials, and their importance 
both as a natural resource of Cahforma and m supplying the country 
with potash in the present acute emergency, made the study of this 
problem seem a proper one to undertake at this time 
Scientific Basis of Methods for Recovery of the Constituents 

of Bittern 

We are very fortunate to possess a vast fund of information 
upon the solubihty relationships of the vanous salts obtamable 
from sea water through the classic work of van’t Hoff and his co 
workers This work is described m great detail m “ Uber die 
Bildungs-verhaltnisse det ozeanischen Salzablagerungen ” (Leip 
zig Verlagsgesellschaft, 1912) Durmg the progress of the work 
two smaller volumes were published m 1905 and 1909 by van’ 
Hoff, entitled “ Zur Bildung der ozeanischen Salzablagerungen 
(Braunschweig, Vieweg) 
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The solubihty of a given salt is varied by the introduction into the 
solution of another salt The effect of the second salt can be predict- 
ed quahtatively by remembering that where the salts possess 
a common ion, the solubility of each is usually decreased by the 
presence of the other If, however, there is a strong tendency to 
form a complex salt the solubility of one may be increased by the 
presence of the other Again, where there is no common ion, the 
solubility of one is increased by the presence of the other ounng 
to the interaction of the two salts 

There are various ways of representing graphically the solubihty 
relationships of salt pairs The method adopted by van’t Hoff is to 
represent the amount of each salt in the solution m terms of mols 
of anhydrous salt per 1000 mols of water, measured along tv o axes 
at right angles to each other, as illustrated m Fig II, Each curve 



Ftau 


here represents the composition of a solution saturated with one 
component The mtersections of the curves represent the composi- 
tion of a solution saturated with both components A pomt be- 
tween these curves and the ongm denotes the composition of an 
unsaturated solution A pomt outside of the curves would represent 
a mixture of a saturated solution Avith one or both sohd salts, 
dependmg upon its position On evaporation of an unsaturated 
solution, the relative amounts of the two salts would remam the 
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that m Fig IV This diagram represents the solubility at 30° 
of mixtures of sodium sulfate decahydrate, and magnesium sulfate 



heptahydrate, which form the double salt, astrakamte, Na^ Mg(SO 
4HjO The middle portion of the curve seen in this figure 
represents the composition of solutions saturated with astrakamte 
Sohd astrakamte, which contains eqmvalent quantities of the 
two salts, has a composition lying upon a hne bisectmg the angle 
between the two axes The composition of the sohd salt is repre- 
sented by a pomt on this hne at E, expressmg the number of mols 
per 1000 mols of water m the sohd salt The composition of sohd 
sodium sulfate, NaiSO^ lOH^O, which hes along the hne OA, is at 
a distance from the ongm correspondmg to its water content at F 
Similarly, sohd magnesium sulfate has the composition represented 
by the pomt G When an unsaturated solution contammg these 
salts is evaporated, its composition wiU, as m the previous case, 
move along a hne away from the ongm imtil one of the curves 
representing the composition of the saturated solution is reached, 
when the solution will change m composition along this hne m the 
chrection airay from the hne representmg the composition of the 
sohd which is separatmg Thus a solution havmg the composition 
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sition till h has been reached, whereupoa potassium chlonde begins 
to crystallize out, and the solution, becoming ncher m magnesium 
chlonde, will move along bC When the solution has reached the 
composition represented by C, camallitc will begin to separate 
but smce camalhte contains more potassium chloride than does 
the saturated solution at C, it is evident that while camaUite 
crystallizes, the solution will tend to move along the Ime CB instead 
of remaimng at C The phase rule, however, requires that while 
both potassium chloride and camallitc are present, the solution 
must remam constant in composition at C Therefore, instead of 
the hqmd phase disappeanng at this point, as was the case m the 
former salt pair, it is one of the solid phases, potassium chlonde, 
which will now disappear, bemg changed over into cnmallite It 
is not untd all of the potassium chlonde has been so changed that 
the solution can move from C to B B will thus represent an end- 
pomt of crystallization, whde C mil not It is evident, therefore, 
that m order to prepare crystals of camalhte it is necessary to use 
a solution contammg more than the equivalent amount of magne- 
sium chlonde, the relative amounts of the two salts being such 
that, on evaporation, the Ime BC will be mtersected slightly 
above C Similar considerations show us that on treatmg sohd 
camalhte mth water, instead of dissolvmg ns such, it would tend 
to change mto solid potassium chlonde and a solution whose com- 
position IS that represented by (7 It is obvious, therefore, that- 
*it IS not difScult to obtam potassium chlonde from camalhte, a 
pomt of importauce m the treatment of salt bitterns, as will be 
discnssed later After the removal of the potassium chlonde 
the solution can be evaporated, camalhte separating, while 
the composition of the solution changes from C to B This 
camalhte can be treated with water, leavmg sohd potassium 
chlonde, etc 

Solutions containing magnesium and potassium chlondes and 
sulfates are m equihhrium mth sohd phases at 25* according to the- 
data in Table 1, and are represented by van’t Hoff along four asoa 
as m Fig VI, each parr of axes representing solutions contammg a 
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common ion Tte boimdarj'' Imes correspond to solutions saturat- 
ed with the two constituents represented by the enclosing axes 
Where salt pairs containing no common ion are present, it is 
impossible to represent the composition by a point in the plane of 
this figure A mixture of eqmvalent quantities of potassium 
sulfate and magnesium chloride would evidently he at the 
ongm 0 and would be indistinguishable from pure uater by its 
position in the plane In order to make this distinction it is 
necessary to mtroduce a vertical axis representmg the sum 
of the constituents of the solution Agam, since equivalent 
quantities of potassium sulfate and magnesium chloride in 
solution may be represented equally well ns equivalent amoimts of 
magnesium sulfate and potassium cblonde, by plottmg along the 
potassium chloride axis not mols of potassium chloride, but double 
iqols, namely, K^Cl,, it is possible to construct a solid model express- 
ing the composition of solutions contammg any amounts of these 



ions Such a model, a perspective drawmg of which is seen m 
Fig Vii, may be constructed by inserting needles at the mtersec- 
tions of the hnes m the plane figure, the heights of the needles bemg 
equal to the total number of mols of dissolved salt m the solu- 
tion at this pomt, always remembermg to consider the mol of potas- 


182 


SALT 


diagonal which ]Oins the ongin with the point representing 
the composition of this solution will be found to intersect the scho- 
mte face, showing that this would be the first salt to separate on 
evaporation As evaporation proceeds the cr}'stallization path 
would meet the boundary Ime of this face iiith the magnesium 
sulfate face, after which these two salts would separate together 
Suppose, for example, we wish to calculate the actual amounts of 
these two salts separatmg and the amount of w ater that must be 
removed when the point N has just been reached, at which potassium 
chlonde just begins to separate The solution at N has the follow- 
ing composition lOOOH^ 0-(-9 KjClj-plG MgSO,-f55MgCli The 
amount of this solution we may represent as an unknown quantity 
by p, the amount of schomte separatmg we may represent by q, 
the magnesium sulfate by r, and the amount of water removed by 
s We may then represent what has become of the origmal solution 
durmg evaporation by means of the followmg equation — 

1000H,0-)-8MgS04+ 101tgCl,+2. K.CI,=:j)()OOOH,0+101IgSO,-t55 MpCl.-H 
9K,a,) +g[K, Mg(S 04 >, 6 H, 0 ) 4 r(MgS 04 ' 7 H, 0 ) 4 .»H ,0 

By equating co-efficients of the various substances present, it is 
possible to set up the followmg equations 

Co-officientsof H, 0 1000 — l000p+Cj+7r+« 

Co-offieicntBof Mg 18 =: 71y+ g+r 

Co-ofl3cicnts of K, 2 == 9^+ g 

Co-efficients of Cl, 12 = 04j> 

The solution of these equations gives the followmg values 
= 188,3 = 0 81 , r =3 4 38, * = 779 

These values of q, t and s represent the amounts of the respective 
substances which have separated by evaporating the ongmal solution 
and p represents the amount of solution left If, instead of takmg 
the amount of the ongmal solution represented by 1000 mols of 
water, a different amount is taken, proportionate amounts of the 
sohds and water are obtamed from the solution on evaporation to 
the same pomt When we come to consider the evaporation of 
sea water, we have m addition to the above components large 
amounts of sodium salts Smce during evaporation sodium chlonde 
IS always present, it is possible to represent saturated solutions 
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chlonde as another component no new degrees of freedom are 
introduced, provided it is stipulated that sohd sodium chloride 
shall always he present Van’t Hoff and his co-workers haie 
determmed the soluhihty relationships at 25° and 83° Fig VIII 
represents the results for 26° contained m table 2 , results for 83° are 







found in Table 3 and Fig IX. The amount of sodium chloride 
present is not considered m the "projection, but is counted m the 
total number of dissolved mols which would be represented m a 
sohd model Sodium sulfate may be expressed m terms of the other 

salts present, smceNa,SO,=Na,Cl,-fMgSO,—MgCh, or=Naa(Il, -f- 

— ELiClj, Thus point C, Table 2, is represented in Fig VTTT 
by countmg 12J divisions to the left of the ongm and 12^ divisions 
along the K^SO^ axis Its position m a space model would be 63J 
divisions vertically above the pomt so obtamed Such a model 
may be constructed m a way similar to that previously des- 
cnbed 
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point a, where Epsom salts would bcgm to separate The compo- 
sition of the solution at this point is approximately 1000 0,11 

Na,Ch, 6K,Cl„ 20MgSO^, 41MgCI, Further evaporation 
would lead to the boundary between this field and the kamito field 
TFZ, after which these two salts would separate together It is 
possible to calculate as before the amounts of each substance remov- 
ed from the solution when the latter has the composition indicated, 
say, by X Suppose that 10,000 g of the onginal solution are 
used The number of grams corresponding to the number of mols 
of each substance in the original solution is 24,790, so that 10,000 
g of solution would contam, instead of the previous number of 
mols of each constituent, only 0 404 of these quantities, namely, 
404H,O, 19Na,Cl, 0 42K,Cl„ 3MgCl, and 1 44MgS04 On 
evaporation this solution would yield p mols of the solution 
saturated at X, containing its constituents in the proportions 
indicated m Table 2, together with 5 MgS 04 TH^O-f-rNajCh-j- 
aKCl MgSO SHaO-fiHjO We can, therefore, wnte the followmg 
equation 

404H,0+19Na,Cl,-f 0.42K,Cl,-t-3JIgCl,-M‘44MgS04 = p(1000H,0-t-3,5Na 
<a,.4-4K,Cl,-f05 5Mga,-hl3MgSO.)H- qMgSO, 7H,0-frNa,Cl,-|-SICCl MgSO , 
3H,0-i-tH,0 

By equating corresponding coefficients and solving the resulting 
equations, we obtain the followmg values 

p = 0 0458 , ? 0 37 , r = 18 9 , s = 0 47 , f — 354 

Hence we conclude that 354 mols of water have been evaporated, and 
0 37 mol of epsom salts, 18 9 mols of Na,Cl, and 0 47 mol of kaimte 
are m the sohd portion Similar calculations may be made to 
determme what will happen during all sorts of changes For exam- 
ple, instead of removmg water, a certam salt may be added to a 
solution saturated with other salts, and by the aid of geometno 
and algebraic considerations it will be possible to determine what 
will take place 

It 18 evident from the position of pomt a in the diagram for 25° 
that only a small amount of Epsom salts will have been crystallized 
by evaporation of the mother hquor from sea water before kaimte 
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H 0 IS obtained The fact that the solubility of magnesium 
sulfate tends to decrease at higher temperatures, while the solu- 
bihties of potassium chlonde and magnesium chlonde, and hence 
camalhte, increase, causes the kieserite field at 83° to become large 
at the expense of the fields of potassium chlonde and camalhte 
It IS evident, therefore, that most of the sulfate present in the 
solution could be removed as kiesente by evaporating the bittern 
at higher temperatures until the camalhte boundary is approached 
During this evaporation, the solids which separate would be sodium 
chlonde and kiesente By removmg these from the hot solution 
they could be obtamed relatively uncontaminated with potassium 
If, now, the mother hquor from these crystals is cooled, the growth 
of the camalhte field as lower temperatures are reached indicates 
that this salt would separate as the solution cools, u hile the mother 
hquor from the camalhte would consist largely of a solution of 
magnesium chlonde These considerations seem to mdicate the 
possibihty of a satisfactory process for the separation of the bittern 
mto three mam constituents magnesium sulfate, camalhte, and a 
solution of magnesium chlonde There would remam the necessity 
first, of separatmg magnesium sulfate from the sodium chloride 
accompanying it, second, of treatmg the camalhte for the recovery 
of potassium chlonde, according to the pnnciples discussed farher, 
and, third, the evaporation and coohng of the magnesium chlonde 
hquor to obtain MgCl, 6H.0 

Evaporation Experiments. 

The process outhned above, on the basis of the equihbnum 
diagrams, was first tested on a laboratory scale by evaporating 
weighed quantities of bittern In one set of experiments the 
evaporation was earned on at the boihng pomt of the solution 
Crops of crystals were removed from the solution from tame to 
tune by centnfugmg the hqmd through a mushn bag The 
density of the solution was read by the aid of a hydrometer made of 
pyrex glass, the small coefficient of expansion of which made its 
readings nearly correct m spite of changes of temperature The 
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evaporation, the solution is saturated with sodium chlonde but not 
mth magnesium sulfate, hence the first crystals to separate consists 
largely of sodium chloride, which was foimd to be the case with 
the aid both of the microscope and of a chemical anal}'sis It is 
possible, therefore, to remove an additional amount of sodium 
chlonde from the magnesium sulfate by filtering the hot solution 
by the aid of the centnfuge durmg the early stages of the evapora- 
tion This procedure simplifies the further punfication of the 
magnesium sulfate which separates as evaporation proceeds Table 
4 gives the results of the analysis of the crystals removed from the 
solution by the aid of the centnfuge at the stages of evaporation 
indicated m Fig X 

Table 4 



Crop 1 

i 

Crop 2 

Crop 3 

Crop 4 

Cropfrom 
cooled 
mother 
liquor 
from 4 

Crop 

from final 
evapora 
tion 

AIgSO, 

16 1 

24 0 

20 1 

24 1 

1 3 

3 6 

JIgCl, 

12 0 

12 3 

21 8 

IG 9 

39 2 

38 2 

KCl 

4 8 

G 1 

4 4 

17 1 

3 C 

1 1 

Naa 

20 3 

20 3 

13 3 


1 3 


H,0 

62 8 

3C 4 

40 6 


64 7 

67 6 


The centrifuge employed was not very efficient, and some coohng 
took place durmg the process, so that the respective crops are 
contammated with the salts that should remam in the mother hquor 
It IS evident from the results of this analysis, together with the 
course of the density and boilmg-pomt curves, that the process 
contemplated furnishes the desired separation In a second evpen- 
ment, based upon the results of the first, the solution was evapo- 
rated until the density had reached a value of 1 35 at the boihng 
pomt of the solution, 121° The crystals separatmg up to this point 
were removed and the mother liquor allowed to cool The crystals 
separatmg on coohng should be camalhte, and it will be seen from 
the analysis of these crystals m Table 6 that their composition 
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temperature than that m Fig X This is doubtless due to the use 
of different samples of bittern m the tu o e\penments, so that the 
camalhte field is encountered at different pomts in the two cases 
It may be noticed that the break is more pronounced in the case 
where it occurs at the lower temperature wluch is just irhat would 
be expected on the basis of the solubility diagram in Fig IX The 
composition of the two samples of bittern used ui the above experi- 
ments IS given in Table 6 The sodium content is not 
given. 


Taxle 0 



Bittern used in 

getting our 


m Fig X 

m Fig XI 

K. 

1 48 

1 70 

Cl 

IS 82 

18 22 

SO. 

5 81 

^ 3 88 

Mg 

6 38 

C 32 


Outline of Proposed Process 

1 Evaporation of the bittern — The bitterns from vanous 
sources wiU vary somewhat dependmg on the temperature^ 
of the hquid m the last salt pond, and whether or not 
any Epsom salts are allowed to separate There is, in 
fact, no reason apparent why a crop of Epsom salts should not 
be removed by coohng either artificially or by storage till winter, 
before the subsequent process of separation is apphed The process 
of solar evaporation should not, however, be earned far enough 
to cause any potassium salts to crystallize, as it is probably not 
desirable to separate the potassium content into two portions 
The vanations m the composition of the bittern caused by any of 
the above factors would not cause any senous difificulty, as dunng 
the later evaporation the separation of NaCl and MgS 04 H^O, 
kiesente, would take place in such proportion as to make the 
xesultmg hqmd converge towards a fairly uniform composition 

It IS more important, under present conditionB, to recover all 
of the potassium salts, and hence to prevent then contammatmg 
the NaCl and kiesente fraction, than it is to recover all of the Epsom 
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and kiesente i3 rixn into centrifuges, previously heated, where it 
13 separated from the adhermg mother hquor, which is run into the 
coolmg tank mentioned above The separation of the NaCl from 
the material remaining in the centnfugos and the recovery of 
Epsom salts will be discussed later 

2 The Recovery of the Carnallite —The liquor contaimng 
the carnalhte mav be cooled by the fresh bittern going to the evapo- 
rator m order to utilize the heat content of the latter After it 
has been thoroughly cooled, the carnalhte which has separated 
18 removed and freed from its mother liquor by centnfugmg The 
recovery of the potassium chloride from this carnalhte will be dis- 
cussed later 

3 The Recovery of Bromine and Magnesium Chloride — The 

mother hquor from the carnalhte contains a very little potassium, 
a httle sulfate, a considerable amount of colloidal orgamc matter, 
the bromme content of the sea water, and a large amount of mag- 
nesium chloride The liqmd must be evaporated further m order 
to recover MgCl 6H,0 During this evaporation, however, the 
temperature rises considerably, unless vacuum evaporation is 
employed, charrmg the orgamc matter, and strongly darkenmg 
the magnesium chlonde which separates on coolmg To destroy 
this orgamc matter, therefore, as well as to recover the bromme, 
prehmmary treatment with chlorme is desirable The details 
■of this treatment are now the subject of mvestigation m this 
laboratory We can only say at the present time that there seems 
to be good prospect of success 

The disposal of the large quantities of magnesium chlonde that 
would be obtamed from these bitterns presents an economic problem 
The possible outlets seem to be as follows magnesium oxychlonde 
cement, magnesium oxide and hydrochlonc acid, and metaUic 
magnesium The use of magnesium oxychlonde cements rmght 
be greatly nncreased by skilful advertismg, hydrochlonc acid might 
be substituted for sulfunc acid for certam purposes, and there seems 
to be good reason to anticipate a large production of magnesium 
m the future. 



No-w the nmtenal obtamecl from the first stage of our process 
contains MgSO< and NaCl in nearly equivalent amounts and hence, 
if dissolved in water, would be represented by a point l}nng nearly 
vertically above the origin, at a distance increasing as the solution 
18 evaporated It might, therefore, cut the surface of the solid 
model m the astrakaiute face, w'hicli would present tlie separation 
of the sodium from the magnesium A bttle magnesium chloride 
however, would, if added, raise the solution auar from the astraka- 
mte field, so that we would have onlj NaCl and JlgSO, 7H,0 to 
deal with 

The solubilities of these tw'o salts are affected so differently by 
the temperature that we may anticipate their separation by first 
coohng, removing Epsom salts, then esaporatmg partly at higher 
temperatures, removing sodium chloride, then cooling again, etc 
The portion of the equilibnum diagram that can be constructed 
for 83 from van’t Hoff’s data shows that at that temperature 

Table 7 


System NaCl-Mga.-JIgSO^-Na.SO,, at 26' 





MgS04 

Na, 

Solid phases ] 

sia,a. 

Mgci, : 

S64 

Na,cn, 

Ns.SOj 10 H,0 

MgSO, 7H,0 

MgCl, OHjO 

66 6 j 

108 

1 

G8 

36 5 

MgCl, OH,0 , Na,Cl, 

3 6 

103 



Na,Cl, , Ns.SO. 

61 



12 S 

N»,SO. , Na,S04 10H,0(*) 

1 30 



27 

Ns-jSO, 10H,0 , Na.Mg (S O4), 4H,0 

MSSO4 7H,0,N8,Mg(S04) 2 4H,0 


1 

36 

36 


1 73 

48 ! 

26 

MgS04 7H,0 , llgb046 H,0 



16 


MgSO* 6H4O , JlgS04 H.O 

Not 

deterimmed 


3IgS04 0H,O, Mga, 6H,0 

Na,CI, , Na,604 , Na,5Ig(&04),H,0 

Na,S04, Na,S04 10H,O , Nii,Mg(S04), 

Na^a, . MgSO, 7H,0 , Na3Mg(S04). 4H,0 



1 


46 

jl04 

16 6 

3 

Not do 

termm 

ed. 


20 

7 

34 


Na,Cl, , jrgS04 7H,0 , lIgS04 6H,0 

4 

07 6 

12 


Na.Clj , MgSO, 6H,0 , MgS04 H,0 

Na,Cl, . iIgS04 H,0 , llgCl, OH,0 

2 6 

71 

9 6 


1 

102 

6 



(•) From the expenmentil work of Professor W C Blasdale, which m stOl 
in progrett m thus laboratory, tiu§ point zna-y be oonaiderably m error 
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used somewhat more water would be required, but relatively less 
KCl would be dissolved 

The hquor used m extracting the camallite may then be partly 
evaporated and cooled whereupon another crop of camallite crystals 
wiU be obtamed To obtain the maximum amount of camallite 
but no magnesium chloride, the solution should be evaporated 
to such an extent that on coolmg with separation of camallite 
its composition will correspond to point B in Fig V, which is 1000 
H^O+lOSMgCl Cl, The amount of evaporation necessary 
IS calculated from the foUowmg equation 

lOOOHaO + 72 6Mga,+ 6 6K,CI,— x H„0+ y KJIgCI, CH,0+ :(1000H’0 
+ lOSSIg a, + KjCl,) 

This gives a:=340 . i/=9 8 , z=0 6 , hence 25720 g of solution 
should lose 6120 g of water, giving 2720g of camallite on cooling; 
or, 1 ton of solution should lose 0 238 ton of water, and deposit 

0 107 ton of camallite 

It will probably not pay, here or m stage 2 of the process, to 
recover the small amount of potassium chloride remainmg in the 
mother hquor from the camallite 

Condensed summary of the above process 

Evaporate bittern till boiling point becomes about 120°, and density (hot) 
1 3B Separate sobd and liquid while hot (eetthng tank and centrifuge) 

,1 Solid NaCl and MgSO, H,0 Dissolve out NaCl with coldwater 
(oontammg some MgCl«f) , dissolve residue m hot water and cool with 
loe machine, gettmg SIgSO, 

B liquid. CooL 

L Sohd camaUte Extract with minimum amount cold untcr, leaving 
1 Sohd KCl 

2 Solution Evaporate partly cool 
a Solid oamallitB, add to L 
b Solution of MgCl, , add to II 

IL Solution mainly JIgCl Bleach with Cl, and remove Br^ Evaporate 
cool, recover sohd MgCl, 8H, O 

The above process is bemg tested ip this laboratory on a semi- 
commcrcial scale under the direction of Professor Merle Randall 

» I 

and will be described m a later pubhcatioru It may be mentioned, 
however, that an excellent separation of actual bittern has been 
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Table V 
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Table Xn 
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SALT 


Table XW 

SoLtTBIUTS' OF SOBIUM SULPHATE IN WATER 
AT Different Temperatures 



Gnn* Na, SO 4 per 100 Gnns 

Solotion 

i Water 

0 

4 76 

5 0 

6 

6 0 

6 4 

10 

1 8 3 

9 0 

20 

i 16 3 

19 4 

25 

1 21 9 

28 0 

30 

29 0 

40 8 

40 

32 8 

48 8 

60 

31 8 

46 7 

60 

31 2 

45 3 

80 

30 4 

43 7 

100 

29 8 

42 5 

120 

29 6 

41 95 

140 

29 6 

42 0 


Solubilitt of Sodium Sulphate at Various Temperatures 


'C 

Sodium Sulphate Na.SO, , 10 H^O 

j Weight 

in 100 parte 
of water 

Weight of water 
to dissolve 

1 part Balt 

0 

i 

1 12 16 

8 224 

10 ! 


4 340 

16 

(18') 


20 

48 41 

2 066 

26 

98 48 

1 016 

30 

184 1 

0 643 
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Table XX 


Vapour Pressure op Saturated Salt Solutions. 



mm 

10 

7 34 

11 

7 93 

12 

8 38 

13 

8 95 

14 

9 55 

16 

10 18 

16 ' 

10 86 

17 

11 52 

18 

12 30 

19 

13 10 

20 

13 93 

21 

14 80 

22 

15 73 

23 

16 70 

24 

17 74 

26 

18 84 

26 

19 99 

27 

21 21 

28 

22 48 

29 

23 83 

30 

25 26 


Imports of Chemicals mto India 


Bleaching Materuls 


1 

j Quantity 

1 Value 

Rate per owt. 

1919-20 

Cwts 

1 

Rs 

Rs 

97,339 

19,88,365 

20 

1920-21 

, 163,826 

36,64,964 

22 

1921-22 

84,256 

15,76,308 

19 

1922-23 

62,073 

6,80,328 

13 
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Bicarbonate of Soda 



I Quantity 

Value 

Rato per aw t. 


Cwts 

Rs 

Rs 

1915-16 j 

120,253 

6,38,775 

5 

1916-17 

109,433 

6,98,850 

6 

1917-18 

90,749 

7,22,325 

8 

1918-19 

166,549 

17,65,950 

11 

1919-20 

85,617 ! 

10,33,065 

12 

1920-21 

86,196 

7,50,018 

9 

1921-22 

108,345 ! 

11,10,909 

10 

1922-23 

93,651 

9,46,982 

10 


Caustic Soda 



Quantity 

Value 

Rato per owt 


Cvrta 

Rs 

Rs 

1915-16 1 

87,901 

9,72,676 1 

12 

1916-17 

57,091 

11,86,920 

21 

1917-18 

117,106 

33,42,915 

29 

1918-19 

71,147 ! 

21,99,495 

31 

1919-20 

101,989 

24,32,835 

1 24 

1920-21 

83,961 

16,54,778 

20 

1921-22 

67,136 

13,36,263 

1 20 

1922-23 

111,947 ' 

20,85,284 

19 
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Distances of prinoipal places by Rail from Nimaknagar 



Miles 

Dhrangadhra 

11 

Wadhivan 

32 

Bhavnagar 

136 

Wankaner 

80 

Rajkot 

lOG 

Veraval 

220 

Porbvmder 

250 

Jamnagar 

157 

Viramgam 

72 

Alimedabad 

112 

Baroda 

174 

Broach 

218 

Surat 

255 

Bombay 

422 

Mehsana 

113 

Abu Road 

186 

Ajmer 

375 

Sambhar Lake 

421 

Delhi 

610 



^-; — 'TTX^yf- 

Md» 


\0\0 20 
l,tda 


\9Z0 21 
>tda 


1022 23 
Alda 


0?iar<WE® 

BUandup 
H atoll 
■gagscio 

Bo' , 

'ItotooEl 
Dadat 

Belapot 

Sheioo 
■Orati 
garanjo 
pen , 

ghitoda 

Sonao''® 

Total Sea 


300,352, 
151.2A0\ 
20,2031 
\ 515,322, 

V,210.8*^\ 

'’o49,43M 
010,8^1 
330,034' 
15,43.5321 
330,042, 
W9.882\ 

025.050 
'33,331' 
103,415) 


440.4021 
235,0441 
■>2.4151 

4 132,4001 
’881.025 
318,821' 
800,3831 

1,552.2001 

1,051.0131 
^ 330,2101 

103-'^^ 

32,0251 
230,511' 


611.2241 

255,2631 
18,012\ 
1,401-'’'3 

1 135,101, 
’814,4001 
681.040 
326,5251 
1 115,800\ 

212,3451 
101,1101 
58,105 

51,0251 


432,030 

302,101 

15,443 

1,100.848 

1410,125 

1’, 031 ,508 

823,300 
800,112 
1 811,3^ 

1 043,201 
’533.188 
401,820 
00,123 
244,10* 
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Bittern — ^ olnmo of 20 O^Bo, 4G 

n:co\ cry of constituent*, 17^ 

Bleaolnn^ mntcnals — imports of, 218 
Boiling point of bittern of 1 OG dcnsitv, 103 
Bnmbaj’ salt mnnnfnctnro, 138 

construction of Rnlterns, 13P 
cost of production, 130 
labour, 139 
pnoe, ISO, 140 
Mold por pan, 138 
Brine, cost of — at Kharaghoda, 08 

Snmbliar Lai e, 120 

Bromine, recovery of — from bittern, 02, 102, 170, 194 
Buckley 24 

Byproducts from Sn't industry, 04 100, 100 154 1 71 


Calcium Carbonate, solulnblv of, 208 
Chloride, 01 

solubility of, 213 
Sulphate, 55 

solubility of, 208 

Carnallitc, 69, 101, 154, 177, 178, 183, 180, 187, 101, 194, 197 

Causes Influencing mpiditv of evaporation, 10 

Caustic soda — imports of, 220 

Ccrcbto* salt, 32 

Cheshire Salt Works, 150, 

cost of production, 158 
fuel for evaporation, 159 
grades of salt, 169 
pans, 167 

pnees of salt, 168, 159 
purification cost of bnne, 168 
shipment to India, lOO 
Vacuum evaporators, 168 
Compagme dn Midi, 146 

de Produits Clumique 148 
Composition of bittern, 42 

salts in crops, 101 

Concentration of sen water and bnnes, 30 
Condensers at Karaghodn, 67 

Contraction in volume of bnne of different d cnsihe% 34 
C-onversion of maunda into tons, 205 

tbennometnc readings, 201 
tveights and measures, 200 
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Magnsliun chloride cost of production atStnssfurt, 00, 1C3, 100, 104 
competition with foreign chloride, 88 
imports mto Indin, 87, 219 
manufacture at Kharnghoda, 85 
Kudo, 110 

prodnction in India, 87 
solubility, 214 
uses, 01, 194 

sulphate, 41, 68, 160, 162, 160 
imjiorts, 219 
properties, 68 
solubility, 209 
uses, 68 

Mandi btatc, 129 

Manufacture of salt by steam c\ aporation, 100 

ManrcUa, 38, 41, 47, 161 

Mayo salt mines, 129 

Michigan salt works, 101 

Moisture in air, 20 

Montpellier salt works, 146 


New York State Salt Manufacture in, 102 
Nimaknagar salt works, 113 

average rainfall, 123 

advantages of unproved layout, 116 

clouded sky, 122 

humidity, 124 

layout, 114 

mavimnm temperature, 117 
mean temperature of air, 119 
mmrmnm temperature, 118 
ramydays, 121 
site, 113 

weather conditions, 116 


Ohio, 102 


Pachbadra and Bidwnna salt works, 128 
Pennsylvania saltworks, 102 
Phalon,44, 101, 107 
Plaster of Paris, 65 
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Salt prodnotion in Smd, 140 

tlic tjnitcd States, 160 
world, 224 

Beperatmf? and remaining in aolntion, 39, 40, 41 

Bolntion — volumes of, 207 

Bonroes of, m India, 1 

Union, 167, 169 

weight of one cubic foot, 67, 70 

Works, Aden, 141 

American, 161 
Bombay, 133 
Compagmo dn Midi, 146 
Brench, 144 
English, 160 
Great Salt Lake, 103 
Kharaghoda, 03 
Kuda, 109 
Madras, 134 
Mayo Jlincs, 129 
Nimaknagar, 113 
Pachbadra and Didwana, 128 
Salin da Giraud, 148 
Salin da Nuno and de Hnyeres, 147 
Sambhar Lake, 126 
San Erancisco Bay, 171 
Sindh, 139 
Warcha, 128 
Sohonite, 183 

Seawater, 14, 10, 11, 12, 30, 144 

Separation of potassium from roagneainm snlts, 187 

sodium chloride from magnesium sulphate, 40, 195 
Shipment charges to India, 160 
Sindh salt manufacture, 130 
Sodium carbonate, 126 

imports of, 221 
oblonde, 57 

boilmg pomt of solutions, 200 
properties, 57 
separation of, 41 
specific gravity of solutions, 206 
sulphate, 69, 176 

properties, 69 
solubility, 212 
uses, 69 

sibcate, imports of, 221 
Solar evaporation, 19 




